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ABSTRACT 
 
The aim of this study was to assess the effects of a twelve-week hydrotherapy group exercise 
programme on selected health-related fitness variables in older women with type II diabetes 
mellitus.  This study included the testing of blood glucose levels, blood anthropometrical profile, 
body mass, height, body mass index, waist circumference, waist-to-hip ratio, upper body 
flexibility, lower body flexibility, grip strength, upper body and lower body muscular strength and 
endurance as well as aerobic endurance.   
 
Descriptive and inferential statistical techniques were used for this study utilising a quasi-
experimental research design.  A comparison group pre-test and post-test experimental design 
was employed at the Nelson Mandela Metropolitan University Biokinetics and Sports Science 
Unit.  Approximately 16 senior female participants took part in the study.  Participants were 
identified through convenience sampling and snowball sampling, of which, all the participants 
were clinically diagnosed with type II diabetes mellitus and had completed the study.  
 
The hydrotherapy participants (experimental group), took part in water-based (hydrotherapy) 
exercises three times a week for a period of twelve weeks.  The hydrotherapy exercises began 
with a light half-hour workout per session and were progressively increased in intensity, duration, 
and number of the exercises performed.  The participants not participating in the hydrotherapy 
exercises (control group) were instructed to remain sedentary throughout the duration of the 
intervention period.  
 
The dependant variables were gathered as raw data and analysed using descriptive statistics to 
form the means, standard deviations, medians, minimum and maximum values.  Post hoc 
analysis was performed to determine whether differences existed between the experimental 
group and control group.  Cohen’s D test was used to determine pre- and post-test differences for 
both groups to determine practical significance.   
 
An analysis of the results revealed significant improvements in some of the selected health and 
physical fitness parameters such as, upper body and lower body flexibility, upper and lower body 
muscular strength and endurance, as well as aerobic endurance.   
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The aim and objectives of the study in exploring the effect of hydrotherapy as an intervention 
strategy to promote health and physical fitness in persons with type II diabetes mellitus were 
supported by the data collected in the pre-test and post-test analyses of the variables.   
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CHAPTER ONE 
IDENTIFICATION OF THE PROBLEM 
 
1.1 INTRODUCTION 
Diabetes Mellitus is a metabolic disease that results in hyperglycaemia due to a deficiency of 
insulin.  Literature by Durstine and Moore (2003:133) states that there are two main types of 
diabetes: type I diabetes mellitus (insulin dependent, IDDM) and type II diabetes mellitus 
(non-insulin dependent, NIDDM).  This disorder has been linked to many long-term health 
consequences such as cardiovascular disease, visual problems (affecting eyesight), renal 
disorders and circulation failure leading to amputations (Buse, Ginsberg, Bakris, Clark, Costa, 
Eckel, Fonseca, Gerstein, Grundy, Nesto, Pignone, Plutzky, Porte, Redberg, Stitzel, & Stone, 
2007).   
 
Florence and Yeager (1999) explain that type I diabetes mellitus is characterised by a lack of 
insulin due to beta cell destruction, usually leading to absolute insulin deficiency.  Its etiology 
is either immune mediated, which is related to physical destruction of the pancreas, or 
idiopathic according to Hornsby and Albright (2003:133).  Guyton and Hall (2006:972) state 
that beta cell destruction of the pancreas is a prognosis of either a viral infection or auto-
immune disorder.  The onset of type I diabetes mellitus is usually in the teens (13-19 years of 
age), also known as juvenile diabetes mellitus, and may develop abruptly (Guyton & Hall, 
2006:972).   
 
Type II diabetes mellitus, on the other hand, is characterised by a relative insulin deficiency 
because persons with type II diabetes mellitus may have elevated, reduced, or normal insulin 
levels but still present with hyperglycaemia according to Hornsby and Albright (2003:133).  
Guyton and Hall (2006:974) state that the onset of type II diabetes mellitus is between middle 
to older age adults, between the ages of 30-50 years and is a gradual developing disease.  A 
predisposing factor in the cause of type II diabetes mellitus is often and most likely hereditary.   
 
Factors such as mutations in the insulin receptors which can cause extreme insulin 
resistance, however rare, have been excluded as a significant cause of the common type II 
diabetes mellitus, according to authors Pérez-Martin, Raynaud and Mercier (2001).  Another 
factor which plays a contributory role is diet which can cause obesity, thus leading to 
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increased insulin resistance in persons with type II diabetes mellitus (MacFarlane, Reid & 
Callander, 2000:659).  
 
Shobhas, Disraeli and McGregor (2004:1961) state that type II diabetes mellitus can be 
prevented or delayed through lifestyle interventions, utilising information that has been 
learned about the natural history and pathogenesis of type II diabetes mellitus.  Such 
intervention methods could include hydrotherapy, which is the use of water to create an 
environment for persons to relieve discomfort and promote physical well-being (Ford-Martin & 
Frey, 2005:1).   
 
Hydrotherapy and the therapeutic use of water have a long history dating back to the 
eighteenth and nineteenth centuries.  It is believed that hydrotherapy can soothe sore joints 
and is used to rehabilitate injured limbs, lower fever (with colder water temperatures), soothe 
headache and aid in relaxation (Ford-Martin & Frey, 2005:1).  An article in Remain Active 
(2009) states that patients with type II diabetes mellitus saw results from hydrotherapy such 
as improved weight control and improved blood plasma glucose levels. Patients who could 
not exercise on land saw results such as improved blood circulation to their limbs.  Research 
has shown that hydrotherapy may reduce insulin dosage for type II diabetes mellitus patients, 
with the added benefits of reducing swelling and joint tenderness and alleviating insomnia 
associated with diabetes (Remain Active 2009).  Research indicated by Remain Active (2009) 
indicates that hydrotherapy for patients with type II diabetes mellitus, and who were unable to 
exercise, showed increased blood circulation to skeletal muscle.   
 
1.2 CONTEXTUALISATION 
Hornsby and Albright state that type II diabetes mellitus is a chronic metabolic disease 
characterised by an absolute or relative deficiency of insulin that results in hyperglycaemia 
(Durstine & Moore, 2003:133).  It is a heterogeneous disorder characterised by varying 
degrees of insulin resistance and insulin deficiency, which lead to a disturbance in glucose 
homeostasis (Patel 2003:2).  Kriska’s study (2000:147) states that evidence is becoming 
more conclusive that in many populations, physical activity plays a significant role in the 
prevention of type II diabetes mellitus.  
 
According to Orsega-Smith, Payne and Godbey (2003), older adults tend to live sedentary 
lifestyle, which inevitably leads to obesity, and often to the development of type II diabetes 
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mellitus.  This is becoming a major health concern for governments of many countries, as this 
particular population segment requires a large sum of funding for healthcare. 
 
King and Rewers (1991) state that the World Health Organisation estimates that as many as 
200–300 million people around the world have developed type II diabetes mellitus, which 
poses a growing public health challenge.  Statistics South Africa (2006) elaborates by stating 
that death rates from non-communicable chronic disease states, such as diabetes mellitus 
and related obesity, increased between 1997 and 2004.  Since 2004, diabetes mellitus has 
been shown to be one of the ten leading causes of deaths in South Africa, according to 
Statistic South Africa (2005).  The World Health Organisation (2009) stated the prevalence of 
diabetes worldwide in 2000 was 171 million, and the World Health Organisation predicted the 
number of people to be diagnosed by 2030 as being 366 million.  The South African statistics 
showed 814 000 cases of diabetes in 2000, and this figure is expected to reach up to 1,286 
million by 2030.   
 
The World Health Organisation also states that the prevalence of type II diabetes mellitus is 
related to lifestyle and economic changes (Hussain, Claussen, Ramachandran & Williams, 
2006).  According to the American College of Sports Medicine (ACSM) (2006:207-208), type 
II diabetes mellitus is known to be caused by excess body fat, greatly correlated to upper 
body fat distribution.  Thus Colin (2006) states that persons diagnosed with type II diabetes 
mellitus should be encouraged to make lifestyle changes, such as maintaining weight control 
and increasing physical activity, thus improving glycaemic control.  
 
The main treatment goal for diabetes mellitus is to gain glucose control through regular 
exercise, diet and medication management.  According to the ACSM (2006:208), exercise is 
effective in glucose control, as it enhances the uptake of glucose, causing an insulin-like 
effect. The ACSM (2006: 208) states that exercise treatment improves glucose tolerance and 
increases insulin sensitivity and decreases insulin requirements.  Other benefits of exercise 
are improved lipid profiles, blood pressure, weight management, physical capacity and 
general well-being.  
 
Thus, to achieve maximal exercise benefits as mentioned above, the ACSM (2006:208) 
states that the basic principles of exercise prescription are a frequency of three to four times a 
week, for duration of 20-60 minutes per session at an intensity of 50-80% of heart rate 
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reserve.  The mode of exercise must be suited to the participants’ requirements, taking into 
account that most persons with diabetes mellitus have circulation problems, which may 
increase the probability of poor joint function in the limbs.  According to the ACSM (2006:211), 
special considerations need to be taken for persons with peripheral neuropathy, which is poor 
blood circulation, thus limiting weight-bearing exercises.  For this reason, hydrotherapy would 
be best suited for an exercise modality for persons with diabetes mellitus.  Koury (1996:2) 
states that the hydrostatic pressure of water aids in decreasing edema, increasing circulation, 
and assists with the stabilisation of weak joints.   
  
Koury (1996:2) further pointed out that performing movements through water can aid in 
reducing gravitational forces combined with the effects of buoyancy, density, viscosity and 
hydrostatic pressure of the water to create a system that supports weak joints and at the 
same time add resistance.  Furthermore, according to Koury (1996:32), the density of water 
and the viscosity of the water can account for how much resistance the water can provide 
during exercise.   
 
1.3 AIM AND OBJECTIVES OF THE STUDY 
The aim of this study was to assess the effects of a twelve-week hydrotherapy group exercise 
programme on selected health-related fitness variables in older women with type II diabetes 
mellitus.   
 
It is important to determine the objectives in order to achieve the above-mentioned aim.  The 
following objectives were set for the study: 
 To determine blood glucose levels before and after the hydrotherapy programme 
sessions, utilising a blood glucose testing kit. 
 To determine the relevant anthropometric profile which included body mass, height, body 
mass index (BMI), waist circumference, hip circumference and waist-to-hip ratio.  This 
was taken before and after the intervention programme.  
 To determine flexibility by evaluating upper body flexibility, lower body flexibility and the 
range of motion (ROM) of the hip joint.  These regions were assessed before and after 
the intervention programme utilising a steel tape measure and a goniometer. 
 To determine grip strength prior to and after the intervention programme utilising a grip 
strength dynamometer.   
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 To determine muscular strength and endurance by testing the general upper body and 
lower body regions prior to and after the intervention programme utilising a thirty second 
biceps curl test for the upper extremities, and a thirty second sit and stand test for the 
lower extremities.  
 To determine aerobic capacity by evaluating the aerobic endurance of the participants 
before and after the programme utilising a six-minute walking test. 
 
1.4 SIGNIFICANCE OF THE STUDY 
The goals of managing type II diabetes mellitus are to improve blood glucose levels, decrease 
lipid profiles and improve functional independence, thus enhancing quality of life.  According 
to Koenigsberg, Bartlett and Cramer (2004), obesity along with the age of the person can 
predict the onset of type II diabetes mellitus, thus with increased physical activity and healthy 
eating habits can delay or prevent type II diabetes mellitus along with its complications.  Nied 
and Franklin (2002) state: “regular exercise provides a myriad of health benefits in older 
adults, including improvements in blood pressure, diabetes, lipid profile, osteoarthritis and 
osteoporosis”.  Another benefit of exercise is improved cardiovascular fitness, which is a 
determinant of functional independence (Nied & Franklin, 2002).   
 
Gerber (2000) states in his research that persons with type II diabetes mellitus have higher 
levels of body visceral fat, which can be improved through weight-loss to improve glucose 
control and reduce lipid levels.  It is stated that this may be achieved through a controlled diet 
and exercise geared to achieving treatment goals for glucose control, decreasing lipid levels 
and blood pressure and weight maintenance.  Thus exercise can improve the metabolic 
abnormalities of persons with diabetes mellitus.  Exercise programmes are said to be most 
effective when instituted early in the disease diagnosis.  For these reasons, participants are 
evaluated before the exercise specific hydrotherapy programme prescription (Gerber, 2000).   
The use of water to promote physical wellness and health dates back as far as 4500 B.C., 
and became a significant part of the Roman lifestyle.  This form of well-being soon became 
popular throughout the world, dating back to the 1700s in Europe and America, and is now 
well-known throughout many countries worldwide (Ford-Martin & Frey, 2005:1).   
 
Hydrotherapy has been prescribed as a low-impact method of gaining muscle strength, with 
the properties of buoyancy and resistance having significant rehabilitative values, according 
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to Ford-Martin and Frey (2005:1).  This method of underwater activity was used as a modality 
of exercise for groups of older ladies with type II diabetes mellitus.  Stanford (2006:50) gives 
testimony that group exercises for older adults are beneficial.   
 
According to King and Rewers (1991), the World Health Organisation stresses its concern for 
the growing epidemic of diabetes mellitus worldwide as a growing public health challenge. It 
poses implications for national budgets, since macrovascular complications are chronic and 
expensive to manage.  As a result, type II diabetes mellitus, and subsequently high morbidity 
and mortality cause a loss in productivity and can negatively affect an individual’s wellbeing 
and self-fulfilment (Wilkin & Voss, 2004). 
 
According to Kubetin (2002), elderly women can gain cardiorespiratory benefits from 
exercises performed in water.  Koury (1996:1) reports that movement is made easier through 
water, there is a sense of increased relaxation, a decrease in muscle spasm and pain, and an 
increase in range of motion and strength.  These benefits support the empirical observations 
of professional therapists who make use of this form of therapy (Koury, 1996:9).  With regards 
to exercise intensity, a study by Johnson, Slentz, Houmard, Samsa, Duscha, Aiken, 
McCartney, Tanner and Kaus (2007) proved that a moderate intensity exercise group had 
significantly decreased anthropometric scores in comparison to the control group.  Thus 
moderate intensity exercise is better than vigorous intensity exercise for improving metabolic 
syndrome.  Type II diabetes mellitus is an essential component of metabolic syndrome.   
 
In a study by Gayda, Brun, Juneau, Levesque, and Nigam (2008) on coronary heart disease 
and non-coronary heart disease metabolic syndrome (diabetes mellitus), subjects participated 
in the same exercise programme for twelve months at a frequency of three times a week. 
After the exercise programme was completed for this study, it was found that twenty percent 
of the non-coronary heart disease patients were no longer classified as having metabolic 
syndrome and thirty-one percent of the coronary heart disease patients were no longer 
classified as having metabolic syndrome.  The frequency of the current exercise intervention 
programme was three times a week.   
 
1.5 SCOPE OF THE STUDY 
The scope of the study was limited to individuals who were clinically diagnosed with type II 
diabetes mellitus, who were classified as an older adult (over 50 years of age) and who were 
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women.  Individuals who had any recent (last six months) surgery, needed walking aids, 
exhibited respiratory problems, or had been advised by their practitioners not to exercise were 
excluded from the study.  Individuals in a current exercise programme or who had recently 
changed their medication were also excluded from the study, resulting in a relatively small 
sample size.   
 
The study involved female participants over the age of 50 years residing in the Nelson 
Mandela Metropolitan Municipality (NMM).  The purpose of the study was to determine the 
effect of a hydrotherapy intervention programme on older adults with type II diabetes mellitus.  
Nowak and Handford (2000:446) mentioned that maturity onset of diabetes mellitus type II is 
normally only diagnosed past the age of 40 years.   
 
The participants also had to be clinically diagnosed with type II diabetes mellitus by a 
physician.  Thompson (2003:322) suggests two diagnostic forms for the positive diagnosis of 
type II diabetes mellitus, namely obtaining a fasting plasma glucose level of ≥ 7.0 mmol/l (126 
mg/dl) on two separate test occasions and presenting with symptoms of diabetes mellitus 
such as unusual thirst, frequent urination and unexplained weight loss.   
 
The study excluded any other form of intervention such as participation in a gymnasium-
based facility and included participants with a stable medication routine.  Participants included 
in the study had not changed medications prior to the study.  The study also excluded any 
participants that were not given clearance from their practitioners, who did not own their own 
glucose testing kit and who were unable to walk without an aid.   
 
1.6 METHODOLOGY 
The research design involved the gathering of information on group training therapy sessions 
which was a method of intervention used for persons with type II diabetes mellitus.  For this 
study a quasi-experimental design was used. According to Thomas and Nelson (1990:312, 
318), the purpose of quasi-designs is to fit the design to settings more like the real world 
whilst still controlling as many of the threats to internal validity as possible.  This design is 
often used when it is too difficult or impossible to use true experimental designs or when a 
true design significantly limits external validity. 
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The experimental design employed during this study was to compare group pre-test and post-
test assessment scores.  Bless and Higson-Smith (1995:480) states that the purpose of such 
an exploratory design is to gain insight into a situation, phenomenon, community or person.  
The pre-test was performed before the intervention period, while the post-test was performed 
after the completion of the twelve-week hydrotherapy intervention. 
 
To select the participants, convenience sampling (accidental sampling) was used.  De Vos, 
Strydom, Fouché and Delport (2002:207) state that convenience sampling is the inclusion of 
any case that happens to cross the researcher’s path and is relevant to the study sample until 
the desired number of participants have been obtained.  Once the sample was attained, the 
participants completed a physical activity readiness questionnaire (PAR-Q) as a health risk 
assessment for screening purposes only.  This included a coronary heart disease risk factor 
stratification questionnaire as a means of screening.  After the initial pre-test assessment of 
the selected dependent physical fitness variables, the participants were rank-ordered 
according to composite scores obtained and placed into either an experimental or control 
group.  This non-randomised technique was used to minimise any extraneous differences that 
existed between the groups.  According to Myers (1998:114), this type of quasi-randomisation 
technique minimises differences that may exist between the experimental and control groups 
prior to the intervention.   
 
1.7 SUMMARY 
Type II diabetes mellitus is a gradual developing disease that is diagnosed between the ages 
of 30-50 years.  Orsega-Smith et al. (2003) reported that older adults tend to live sedentary 
lifestyles leading to obesity and often to the development of type II diabetes mellitus.  This is 
associated with the dispersion of visceral fat as stated by Gerber (2000), which can be 
improved through weight-loss to improve glucose control and reduce lipid levels. 
 
Other factors such as diet and sedentary lifestyle have the potential of leading to obesity, 
which is the most important risk factor leading to the development of type II diabetes mellitus 
(MacFarlane et al., 2000:659).  The prevalence of type II diabetes mellitus is rising in a 
growing segment of the population in South Africa and has become a major health care 
concern as it contributes to escalating health care costs for the older persons.  Shobhas et al. 
(2004) stated that type II diabetes mellitus can be prevented or delayed through lifestyle 
interventions such as healthy eating plans and regular exercise in an attempt to decrease 
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visceral fat.  The question thus begs to be answered whether participating in a twelve-week 
group hydrotherapy exercise programme could benefit older women with type II diabetes 
mellitus.   
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CHAPTER TWO 
REVIEW OF LITERATURE 
 
2.1 INTRODUCTION 
The purpose of this study is to evaluate the health benefits of a twelve-week hydrotherapy 
programme in women aged 50 years and older who have non-insulin dependent diabetes 
mellitus (NIDDM), also known as type II diabetes mellitus.  Manzella (2007) stated that type II 
diabetes mellitus mostly occurs in adults over 35 years of age due to late diagnoses. 
However, this disease could affect anyone, including children who are severely over weight.  
According to the National Diabetes Institute for Diabetes, Digestion and Kidney Disease 
(2008), 90 to 95 percent of all diabetes cases are type II, since it is a lifestyle disease which is 
triggered by obesity, a lack of exercise.  There are some cases that genetics may be a 
predisposition to the disease.  The present study focuses on this chronic metabolic disease 
state and hydrotherapy as a mode of intervention to control some of the risk factors involved.   
 
The present study also addresses selected health-related fitness components in the 
biokineticst field related to type II diabetes mellitus in review of the literature presented.  The 
literature adds to help bridge the gap between type II diabetes mellitus through a means of 
hydrotherapy as an alternative or supplementary training modality.  Research performed by 
Tsourlou, Benik, Dipla, Zafeiridis, and Kellis (2006) on elderly women participating in a ten-
week aquatic training programme reported improvements in muscular strength and 
endurance.  Thus the current study endeavours to determine the effect of a twelve-week 
hydrotherapy programme on selected physical fitness parameters in older women with type II 
diabetes mellitus. 
 
Gavin, Peterson, and Warren-Boulton (2003) reported that optimal control of blood glucose is 
dependent on regular physical activity which improves blood glucose levels and lowers blood 
pressure, thus reducing the complications associated with the disease.  The review of the 
literature is arranged around three key sections, as it addresses the essential components of 
this study.  The first section contains the contextualisation of diabetes mellitus as a non-
communicable chronic disease condition.  The second section addresses various approaches 
to the management of type II diabetes mellitus, more specifically the value of utilising an 
exercise intervention as a means to control selected risk factors predisposing individuals to 
diabetes mellitus.  According to the ACSM (2006:3-4), health-related physical fitness is a 
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person’s ability to perform daily activities, while possessing the capacity to lower the risk of 
hypokinetic diseases.  The authors suggest that health-related physical fitness components 
consist of parameters that include cardiovascular endurance, flexibility, muscular strength and 
endurance, as well as body composition.  The intervention mode (hydrotherapy) for the 
hydrotherapy as mentioned above, this will be highlighted in the third section of the literature 
review.  The properties of water and the complications associated with a hydrotherapy 
exercise programme will be discussed in the last section of chapter two.   
 
2.2 DIABETES MELLITUS 
Persons not suffering with type II diabetes mellitus are able to breakdown sugar into glucose, 
which circulates within the bloodstream, awaiting absorption in cells.  The pancreas controls 
the amount of insulin released into the bloodstream to make it possible for cells to absorb 
glucose as a means of fuel.  However, when blood glucose levels in the bloodstream rise too 
high and as a result are unable to be absorbed, a disease called diabetes mellitus develops 
(Manzella, 2007).  Hornsby and Albright ( 2003:133) defines diabetes mellitus as a metabolic 
disease that results in hyperglycemia owing to the absolute or relative deficiency of insulin to 
restore homeostatic blood glucose levels.  The authors further stated that individuals with 
diabetes are at risk of developing retinopathy and nephropathy, macro-vascular disease, as 
well as various neuropathies.   
 
Nowak and Handford (2000:445, 446) maintain that diabetes is a major endocrine disease 
with a wide-range of serious effects which occur in two primary forms of diabetes that differ in 
pathogenesis, but produce the same metabolic derangements.  Florence and Yeager (1999) 
state that type I diabetes mellitus is characterised by beta cell destruction, usually leading to 
absolute insulin deficiency.  Hornsby and Albright (2003:133) support the notion that absolute 
insulin deficiency is a characteristic of the disease and the aetiology of this disease (diabetes 
mellitus) is immune-mediated and related to the physical destruction of the pancreas, or 
idiopathic in nature.  The ACSM (2006:207) further differentiates between type II diabetes 
mellitus which is associated with excess upper body fat distribution, and type I diabetes 
mellitus which is often associated with genetic malfunction of the associated organs.   
 
Hornsby and Albright (2003:133) also state that persons with type II diabetes mellitus are 
considered to have relative insulin deficiency as they may have elevated, reduced, or normal 
insulin levels, but still present with symptoms of hyperglycemia.  Manzella (2007) adds that 
 12
persons with type II diabetes mellitus are able to produce insulin, but do not respond to it.  In 
either case, glucose cannot be absorbed for fuel, and blood glucose levels are raised, 
causing serious complications over time.  Hornsby and Albright (2003:133) propose that 
peripheral tissue insulin resistance and defective insulin secretion are common features in 
type II diabetes mellitus.  The authors furthermore state that blood glucose rises when insulin 
resistance increases.  This process sets off a number of events that lead to glucose not 
readily entering the insulin-sensitive tissues and blood glucose levels increase as a result 
(Hornsby & Albright, 2003:133).  The authors back-up their aforementioned definition by 
stating that individuals with type II diabetes mellitus have relative insulin deficiency due to 
elevated, reduced, or normal insulin levels while still having hyperglycemia.   
 
Guyton and Hall (2006:972) state that in both primary forms of diabetes mellitus, the 
metabolism of all foodstuffs is altered.  The authors state that the basic effect of insulin lack or 
insulin resistance is the prevention of the efficient uptake and utilisation of glucose within the 
body, thus causing the rise in blood glucose levels.  Complications caused by this effect may 
place individuals at risk of developing complications such as retinopathy and nephropathy, 
macrovascular disease, and various neuropathies (Hornsby & Albright, 2003:133). 
 
Although the ACSM (2006:207) have similar approaches to Durstine and Moore (2003:133) 
with regards to the effects of diabetes mellitus, the ACSM defines diabetes mellitus as a 
group of metabolic diseases that result from defects in insulin secretion or insulin action, and 
is classified according to etiologic origins of the disease into either type I diabetes or type II 
diabetes.  According to the ACSM (2006:207), type I diabetes mellitus is caused by the auto-
immune destruction of the cells of the pancreas that produces insulin, and type II diabetes 
mellitus is caused by an insulin secretary defect and insulin resistance defect.   
 
Another form of diabetes is gestational diabetes and this is caused by postpartum pregnancy.  
Hornsby and Albright (2003:133) propose that this form of diabetes occurs only during 
pregnancy as a result of the contraindications of insulin effects of pregnancy.  This diabetes, 
associated with the delivery of an over-weight baby, obesity and family history of the disease 
according to the authors, and may even be mistaken for type II diabetes mellitus.   
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2.3 PREVALENCE AND INCIDENCE OF DIABETES MELLITUS 
Prevalence is the proportion of individuals within a population who have a condition at a point 
in time, while comparative prevalence is calculated through the assumption that every country 
and region has the same age profile (world population), having removed the differences in 
age between countries and regions and having adapted figures appropriately for comparison 
(International Diabetes Federation Atlas, 2009).   
 
The worldwide prevalence of type II diabetes mellitus is very high and is associated with a risk 
of developing micro-vascular and macro-vascular complications which lead to premature 
death.  The identification of risk factors in the development of diabetes is of great importance 
as a means of prevention.  Medical history such as family history, ethnicity, increased body 
mass index (BMI) and physical inactivity are risk factors for both type II diabetes mellitus and 
coronary heart disease (CHD) (Kumari, Head & Marmot, 2004).  Paul Rheeder (2006) at the 
(SA) Division of Clinical Epidemiology, Medihelp Chair in Clinical Epidemiology, Faculty of 
Health Sciences, states that although prevalence and incidence of type II diabetes mellitus is 
lacking, concerned with South Africa, he estimates the prevalence of the disease varying 
between three percent and 28.7 percent.  According to Larry Distiller (2009) at the Centre for 
Diabetes and Endocrinology (Pty) Ltd, there are no definite statistics for the prevalence of 
type II diabetes mellitus in South Africa.  He proposes that estimates of 2.5 to 4 million 
persons in South Africa are diagnosed with type II diabetes mellitus, although there has not 
been an extensive enough quantity survey to determine the exact prevalence of this growing 
disease within South Africa to date.   
 
However, according to the International Diabetes Federation (IDF) Atlas (2009), Africa has a 
regional prevalence of 3.2 to 3.7% and a comparative prevalence of 3.8 to 4.7%.  The total 
adult population of persons with diabetes in Africa is said to be 12.1 to 23.9 million, with the 
number of diabetes-related mortalities being 122.2 thousand (male) and 210.4 thousand 
(female).  This is represented graphically in figure 1.  The age group represented in the above 
statistics is between 20 and 79 years for the year 2010.  According to the International 
Diabetes Federation Atlas (2009), it has been estimated that there will be 28549.6 thousand 
adults between the ages of 20 and 79 years with diabetes in South Africa in 2010, while the 
national and comparative prevalence is 4.5%.   
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Figure 1: Percentage of all-cause mortality attributable to diabetes by age and gender in the 
African Region (2010) 
 
According to Hussain, Claussen, Ramachandran and Williams (2006), the World Health 
Organisation (WHO) estimates that 200 to 300 million people worldwide will develop type II 
diabetes mellitus by 2025.  According to the World Health Organisation (2009), the number of 
persons diagnosed with type II diabetes mellitus by 2030 will be 1,286,000 in South Africa 
alone.  From the aforementioned statistical data, it is clear that the prevalence of diabetes 
mellitus, and specifically at a younger age, is escalating in South Africa, according to earlier 
data reported by Wild, Roglic, Green, Sicree and King (2004:1049).   
 
2.4 PATHOPHYSIOLOGY AND PATHOGENESIS 
The following section has been included to contextualise diabetes mellitus as a systemic 
disease and covers the pathogenesis of the disease, including the organs involved such as 
the pancreas, kidneys, adrenal glands, muscle tissue, as well as the circulatory system.  This 
forms part of understanding how diabetes mellitus, works and the effects this systemic 
disease has on the human body.  This section provides the functions (primary and secondary) 
of the organs involved, the function of the organs in controlling diabetes mellitus, pathology of 
altered organ function, as well as the possible mechanisms used to address the pathology of 
the diseased organ.   
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2.4.1 The Pancreas 
The pancreas is described by Saladin (2001:654) as a spongy retroperitoneal gland 
supporting the endocrine and exocrine systems and is located retro-peritoneally, inferior and 
dorsal to the stomach.  Saladin (2001:962) explains that the endocrine part of the pancreas is 
the islets that secrete insulin and glucagon, whereas the exocrine part secretes pancreatic 
juice for digestion purposes into the duodenum.  The endocrine cells of the pancreas, known 
as the Islets of Langerhans, secrete hormones, of which two very important hormones (insulin 
and glucagon) regulate blood sugar levels (Saladin, 2001:654).   
 
Tortora and Grabowski (2003:874) describe the pancreas as a retroperitoneal gland about 12 
cm long and 2.5 cm thick.  This gland lies posteriorly and inferiorly to the stomach and is 
connected to the duodenum by two ducts.  The pancreas secretes pancreatic juices that pass 
from the exocrine cells into ducts where they are passed through to the small intestine, 
duodenum and bile duct (Tortora & Grabowski, 2003:614).  The exocrine portion of the 
pancreas contains 99% of the organ (Tortora & Grabowski, 2003:874).  The other 1 % of the 
organ is endocrine in function.   According to Guyton and Hall (2006:961), the pancreas has 
up to two million Islets of Langerhans surrounded by abundant small capillaries within the 
pancreas.  These cells secrete glucagon, insulin, somatostatin and pancreatic polypeptides.   
 
Each pancreatic islet secretes hormones from the alpha (A cells), beta cells (B cells), delta 
cells (D cells) and F cells.  The A cells secrete glucagon, which increases blood glucose 
levels by raising the blood glucose levels through accelerating the breakdown of liver-stored 
glycogen into glucose (glycogenolysis) and other nutrients into glucose (gluconeogenesis), 
thus releasing the glucose into the blood.  The B cells secrete insulin that decreases blood 
glucose levels by accelerating transport of glucose into cells, by converting glucose into 
glycogen (glycogenesis).  This process also decreases gluconeogenesis and glycogenolysis 
and stimulates protein synthesis.  The D cells secrete somatostatin that inhibits the secretion 
of insulin and glucagon and slows the activity of the gastrointestinal tract.  This hormone is 
identical to the growth hormone. The F cells of the islets secrete pancreatic polypeptides, 
which inhibit somatostatin secretion and secretion of pancreatic digestive enzymes (Tortora & 
Grabowski, 2003:614-617).   
  
The function of the pancreas in controlling diabetes mellitus consists of the following 
mechanism: The action of glucagon is to increase blood glucose levels when they fall below 
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normal, while insulin helps lower the blood glucose levels when they are higher than normal.  
The body’s mechanism for controlling blood glucose levels through the secretion of glucagon 
and insulin is via a negative feedback system.   
 
Tortora and Grabowski (2003:614) explain this negative feedback system as follows: when 
the body’s blood glucose levels become low (hypoglycemia), the secretion of glucagon is 
stimulated.  The glucagon then acts on hepatocytes (cells within the liver) to accelerate 
glycogenolysis and to promote glucose formation from lactic acid and gluconeogenesis.  
Therefore hepatocytes release glucose into the blood more rapidly, raising the levels of blood 
glucose.  As this action continues and blood glucose levels continue to rise, high blood 
glucose levels (hyperglycemia) begin to inhibit the release of glucagon.  Thus hyperglycemia 
stimulates the secretion of insulin, and the insulin acts on cells in the body, especially skeletal 
muscle tissues, to accelerate diffusion of glucose into cells to speed conversion of glucose 
into glycogen.  This action also increases the uptake of amino acids by cells, increasing 
protein synthesis and speeding up fatty acid synthesis (lipogenesis), while slowing down 
glycogenolysis and gluconeogenesis.  This action results in the lowering of blood glucose 
levels. However, when these levels drop too far, glucose then inhibits the release of insulin, 
creating a negative feedback system.   
 
There are other hormones that stimulate insulin secretion: human growth hormone (hGH) and 
adrenocorticotropic hormone (ACTH) indirectly stimulate insulin secretion as they act to 
elevate blood glucose levels.  Insulin secretion may also be stimulated by acetylcholine 
(ACh), a neurotransmitter that innervates pancreatic islets.  Amino acids arginine and leucine 
also stimulate insulin secretion after the ingestion of a meal containing protein (Nowak & 
Handford 2000:448).  Guyton and Hall (2006:961) support the views of Nowak and Handford 
(2000:448) that the D cells make up about ten percent of the total cells in the islets.  Thus, 
when blood glucose and amino acids rise after a meal, somatostatin acts as a messenger to 
diffuse to target cells in the same organ.  This messenger modulates the secretion of 
glucagon and insulin from A cells and B cells of the pancreas (Saladin, 2001:654).   Glucose-
dependent insulinotropic peptide (GIP) is a hormone released in response to the presence of 
glucose in the gastrointestinal tract that elicits the release of insulin.   
 
As regards the pathologhy of the altered pancreatic functioning, Glaser (2007) states that 
most diabetes-related genes are found in beta-cells of the pancreas and diabetes-associated 
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mutations have been thought to result in decreased beta-cell function along with inadequate 
insulin secretion from the adrenal glands.  Cohn and Sadler (2006) propose that another 
cause of diabetes is abnormal pancreas function due to insulin resistance.  This is when the 
body’s cells stop responding to insulin and glucose absorption is impaired.  Impaired glucose 
absorption leads to high blood sugar levels. A lack of glucose to the body’s cells causes the 
pancreas to continue producing insulin until blood sugar levels decrease.  If the body’s blood 
sugar (glucose) levels do not decrease, the pancreas will continue to produce insulin until B 
cells fail to function owing to overuse and thereby causing diabetes mellitus (Cohn & Sadler, 
2006). 
  
According to Nowak and Handford (2000:446), the etiology of type I diabetes mellitus is an 
auto-immune destruction of B cells in the Islets of Langerhans.  The infected B cells develop 
alterations in their genetic makeup and are then recognised as not part of the organ.  This 
sets off a cell-mediated immune attack on the B cells of the pancreas when B cells are 
destroyed and insulin levels fall.  This occurrence is found in type I diabetes mellitus, whereas 
in type II diabetes mellitus the long-term secretion of insulin demands too much from the B 
cells, slowly decreasing the capacity of the cells to secrete insulin.  This is a reaction to high 
blood sugar levels due to the inability of the body’s cells to take it in (Nowak & Handford, 
2000:448).   
 
Shobhas et al. (2004) states that the progression of glucose tolerance in type II diabetes 
mellitus is characterised by insulin resistance and insulin secretary defect caused by beta-cell 
dysfunction.  The authors explain that insulin resistance is due to a decrease in tissue 
sensitivity to insulin, known as compensatory hyperinsulinemia. Initially plasma glucose levels 
are maintained in the normal range, and then type II diabetes mellitus eventually develops 
through the decline in beta-cell secretary capacity, leading to a further decline in beta cell 
function, resulting in raised fasting glucose levels.  Figure 2 represents a breakdown of the 
physiological sequence in the development of type II diabetes mellitus due to the pathology of 
the pancreas as explained by Shobhas et al. (2004). 
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Progression to Type 2 Diabetes 
Genetics    Tissue insulin resistance Acquired conditions                                           
                                                                                        (obesity, sedentary          
                                                                                          lifestyle, aging) 
    Hyperinsulinemia 
  
      Compensated insulin resistance 
                                       Normal glucose tolerance 
 
         Impaired glucose tolerance 
 
Genetics   Beta-cell failure   Acquired conditions 
(glucotoxicity, increased                                        
free fatty acid levels, others) 
 
Increased hepatic 
glucose output   
 
    Type 2 diabetes 
______________________________________________________________ 
Figure 2.  Etiological sequence for the development of type II diabetes mellitus 
(Shobhas et al., 2004) 
 
2.4.2 The Kidneys 
The National Institute of Health (2009) describes the kidneys as bean-shaped organs about 
the size of one’s fist, which are vital for the function of cleaning and chemically balancing the 
body.  The kidneys are located near the mid-back region, below the rib cage on either side of 
the spine.  According to Tortora and Grabowski (2003:950), the kidneys are located in the 
region between the last thoracic vertebrae and third lumbar vertebrae, protected by the 
eleventh and twelfth ribs on either side.   
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The kidney consists of two regions: the external anatomy region and the internal anatomy 
region.  The external anatomy of the kidney consists of a concave medial border facing 
towards the vertebral column and near the centre of each kidney’s concave medial border is a 
renal hilus.  This is the area where blood vessels, lymphatic vessels and nerves emerge from 
the kidneys.  The kidneys are surrounded by three layers of tissue: the renal capsule, the 
adipose capsule and the renal fascia.  The renal capsule forms the deep capsule of the 
kidneys. It is a transparent sheet of dense irregular connective tissue continuing to form part 
of the outer layer of the ureters. This layer maintains the shape of the kidney and protects the 
kidneys from possible trauma.  The adipose capsule forms the middle layer of the kidneys. 
This is a mass of fat tissue surrounding the renal capsule and forms part of the protection of 
the kidneys while keeping the kidneys in place by attaching them to the abdominal cavity.  
Finally the renal fascia is the thin outer layer of dense connective tissue and serves as an 
anchor for the kidneys to the surrounding structures and abdominal wall (Nowak & Handford, 
2003, 952).   
 
The internal anatomy of the kidneys consists of two distinct regions: the renal cortex and the 
renal medulla.  The renal cortex consists of a smooth reddish area and forms part of the outer 
region, forming a crust-like appearance of the kidneys.  The renal cortex extends from the 
renal capsule and surrounds the pyramids.  The inner region of the kidney is the renal 
medulla, which forms cone-shaped renal pyramids that are deep reddish-brown in colour.  
Each cone consists of a base that faces the renal cortex and has a renal papilla which 
narrows towards the renal hilus.  The portions of the renal cortex that extend between renal 
pyramids are renal columns and are divided into an outer cortical zone and an inner juxta-
medullary zone.  Parts of the renal cortex and renal column form a renal lobe that consist of 
adjacent renal columns and a renal pyramid within the area in which it is situated.  The renal 
cortex and the renal pyramids constitute the parenchyma, which is the functional region of the 
kidney.  Within the parenchyma are about one million microscopic functional units of the 
kidney, which are structures called nephrons.  Urine formed by the nephrons drain into 
papillary ducts, then into minor and major calyces.  The papillary ducts extend through the 
renal papillae of the pyramids.  Each kidney has eight to eighteen minor calyces and a major 
calyx.  The minor calyx receives the urine form the papillary ducts and delivers it to the major 
calyx, which drains into the renal pelvis that forms part of the renal sinus, through the hilus 
region of the kidneys and eventually out through the ureters and into the bladder (Tortora & 
Grabowski, 2003:952).   
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The blood supply to the kidneys is abundant and they receive 20 to 25% of the resting cardiac 
output via the renal arteries.  The renal artery divides into segmental arteries that branch and 
enter the parenchyma; they pass through the renal columns and between the renal pyramids, 
forming interlobar arteries.  The interlobar arteries arch between the renal medulla and renal 
cortex to form arcuate arteries.  These produce interlobular arteries that enter the renal cortex 
and branch off into afferent arterioles that supply each nephron.  Each afferent arteriole forms 
a capillary network called the glomerulus surrounding each nephron.  These capillaries then 
reunite and form the efferent arteriole that carries blood away from the glomerulus.  The 
efferent arterioles form a peritubular capillary network surrounding the tubular region of the 
nephron.  There are long loop-shaped capillaries called the vasa recta that extend from some 
efferent arterioles. These vasa recta supply tubular portions of the nephron in the renal 
medulla.  The peritubular capillaries reunite to form peritubular venules and interlobular veins 
that receive blood from the vasa recta.  Then the arcuate veins drain into interlobar veins that 
run between the renal pyramids and finally the blood leaves the kidneys through the renal 
vein that exits the hilus of the kidneys and carries venous blood to the inferior vena cava 
(Tortora & Grabowski, 2003:952-954).   
 
The nephrons play a vital role in the functioning of the kidneys.  They filter blood plasma.  The 
nephron consists of a renal corpuscle and a renal tubule.  The renal corpuscle is where blood 
plasma is filtered and the renal tubule is the tubule through which the filtered fluid passes.  
The renal corpuscle consists of a glomerulus and the glomerular capsule that is also known 
as Bowman’s capsule.  This capsule is a double-walled epithelial cup-like structure that 
encloses the glomerulus.  Blood plasma is first filtered in the glomerular capsule, and then the 
filtered fluid passes into the renal tubule.  The renal tubule consists of the proximal convoluted 
tubule, the loop of Henle and the distal convoluted tubule.  The renal corpuscle and the 
proximal and distal convoluted tubules lie within the renal cortex while the loop of Henle 
extends into the renal medulla.  Several distal convoluted tubules empty into a collecting duct. 
These collecting ducts come together and eventually form several hundred papillary ducts 
that drain into the minor calyces (Tortora & Grabowski, 2003:953-956).   
 
Where the loop of Henle of the nephron dips into the renal medulla, it is known as the 
descending limb of the loop of Henle. It then hairpins to the renal cortex and forms the 
ascending limb of the loop of Henle.  The majority of nephrons are cortical nephrons with 
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short loops of Henle that lie in the renal cortex and penetrate into the outer region of the renal 
medulla, while fewer of the nephrons are juxta-medullary nephrons with their long loops of 
Henle that extend into the deepest region of the medulla (Tortora & Grabowski, 2003:955-
956).   
 
The kidney’s have a role to play in controlling diabetes mellitus.  They process blood by sifting 
out waste and water.  The National Institute of Health (2009) maintains that the kidneys 
process about 200 quarts of blood and two quarts of waste and water a day.  This waste and 
water becomes urine which flows to the bladder through ureters where it is stored until 
expiration via urination.   
 
The National Institute of Health (2009) explains that waste removed from the blood during 
normal kidney filtration comes from the breakdown of active tissues (muscles) and food.  If 
this waste is not removed from the blood, it may cause damage to the body due to waste 
build-up.  During the removal of waste, the glomerulus filters the fluid waste out of the blood, 
preventing proteins and cells within the blood from escaping.  
  
The National Institute of Health (2009) further explains that a chemical exchange takes place 
as waste and water leave the blood and enter the urinary system.  As a consequence of the 
chemical exchange, the kidneys measure out substances such as sodium, phosphorus and 
potassium to release back into the blood.  Through this process the kidneys regulate the 
body’s substance levels for the body to function normally.   
 
During waste removal the kidneys release three important hormones known as erythropoietin 
(EPO), rennin and calcitriol.  EPO stimulates bone marrow to make red blood cells, rennin 
regulates blood pressure and calcitriol forms vitamin D for the maintenance of calcium levels 
within the body (The National Institute of Health, 2009).   
 
Blood glucose levels are maintained through a similar process.  The kidneys use amino acid 
glutamine in gluconeogenesis to synthesize new glucose molecules that are released into the 
blood to maintain a normal blood glucose level (Tortora & Grabowski, 2003:950).   
 
The pathology of altered kidney function: has been the subject of several studies.  According 
to Manzella (2007), the kidneys remove toxins and waste from the blood in a continuous 
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process.  The author maintains that high blood sugar levels, over a long period of time, cause 
damage to the tiny blood vessels of the kidneys and so the  filtration of toxins is decreased 
when a person with diabetes has poor control over his or her blood sugar levels.  Henriksen, 
Nielsen, and Bech-Nielsen (2009) state that these subtle changes to the kidneys may take 
place within a year for persons with type I diabetes mellitus and within five to ten years for 
persons with type II diabetes mellitus.  Tortora and Grabowski (2003:966-967) explain this 
process as causing glucoseuria, a condition whereby the concentration of glucose is above 
200 mmol·mL and glucose enters the glomerular filtrate.  This results in some glucose 
escaping into the urine, and is most common in persons with diabetes.   
 
The National Diabetes Institute for Diabetes, Digestion and Kidney Disease (2008) also 
supports the notion that the most common cause of kidney failure is diabetes, which may lead 
to chronic kidney disease (CKD) and kidney failure.  The National Diabetes Institute for 
Diabetes, Digestion and Kidney Disease (2008) proposes that people who develop kidney 
disease run the risk of small amounts of blood protein albumin leaking into their urine.  This is 
the first stage of CKD, known as microalbuminuria, a process taking place over several years.  
The kidneys’ filtering ability slowly declines as the amount of albumin in the urine increases, 
causing the body to retain waste as filtration falls.  Kidney damage is the outcome of this 
disease, while the body’s blood pressure rises as a result of this damage.   
 
Thus, in essence the kidneys play an important role in maintaining body processes by 
regulating blood ionic composition, blood pH, blood volume, blood pressure, blood glucose 
levels, maintaining blood osmolarity and producing hormones, while excreting waste products 
and foreign substances (Tortora & Grabowski, 2003:949-950).   
 
2.4.3 The Adrenal Glands 
The adrenal glands are situated on the superior region of each kidney and are pyramidal-
shaped masses of glands.  The hormones produced by these glands are closely related to a 
group of steroid hormones called corticosteroids.  Mineralocorticoids, which is one of the 
steroid hormones of the adrenal glands, regulate carbohydrate metabolism into 
glucocorticoids, of which aldosterone is the by-product, resulting in the highest potency of 
mineralocorticoids circulating in the body (Nowak & Handford, 2000:457).  This process is 
discussed further below.  Nowak and Handford (2000:452) state that the adrenal glands 
produce hormones that enable humans to better cope with change in the environment.  They 
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state that homeostatic adaptations mediate the adrenal hormones for the maintenance of 
body fluid balance and blood glucose levels, as well as various cardiovascular responses.  
 
According to Tortora and Grabowski (2003:609-610), the adrenal glands consist of two 
structural and functional regions. These regions are the adrenal cortex and the adrenal 
medulla and are highly vascularised.  The structural functions of the adrenal glands are the 
adrenal cortex which is divided into three zones that secrete different hormones.  The outer 
zone is the zona glomerulosa that are closely packed spherical clusters and arched columns 
that secrete mineralocorticoids.  These hormones affect mineral homeostasis.  The middle 
zone is the zona fasciculata and is the widest of the three zones, consisting of cells arranged 
in columns.  These cells secrete glucocorticoids that control glucose homeostasis.  The 
innermost zone is the zona reticularis, which is arranged in branching cords.  These cells 
synthesize weak amounts of androgens that have masculinising effects (Tortora and 
Grabowski, 2003:609-610). 
 
According to both Powers and Howley (2001:76) and Tortora and Grabowski (2003:610-612), 
the function of the adrenal cortex is to secrete hormones such as mineralocorticoids 
(aldosterone), glucocorticoids (cortisol) and sex steroids (androgens and estrogens).  
Aldosterone is involved in sodium (Na+) and potassium (K+) maintenance in plasma, cortisol 
regulates glucose plasma, and sex steroids support prepubescent growth (Powers & Howley, 
2001: 76).  Aldosterone regulates Na+ reabsorption and K+ secretion at kidney level, which is 
involved with water and Na+ balance to regulate the plasma volume and blood pressure.  
Powers and Howley (2001:76) state that the stimuli for aldosterone secretion are also what 
signals the stimulation of thirst, a necessary process to restore body fluids, particularly during 
exercise.  Cortisol contributes to plasma glucose maintenance during long-term exercise by 
promoting tissue breakdown to form amino acids to be used by the liver to process glucose 
(gluconeogenesis), by stimulating the metabolism of adipose tissue into free fatty acids (FFA) 
and by blocking the entry of glucose into tissue (Powers & Howley, 2001:77).   
 
The adrenal cortex secretes corticosteroid hormones that control the metabolism of fats, 
proteins and carbohydrates, while suppressing inflammatory reactions and affecting the 
immune system function of the body.  The adrenal cortex also secretes aldosterone, which 
inhibits the level of sodium in urine and maintains blood pressure, as well as androgenic 
steroids, which aid in the development of male characteristics (Diabetes & Other Endocrine 
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and Metabolic Disorders, 2004).  The level of sodium in urine is due to the adrenal cortex 
controling the secretion of aldosterone, glucocorticoids and androgens.  Aldosterone is a 
mineralocorticoid that regulates the homeostasis of sodium (Na+) and potassium ions (K+).  
These minerals help adjust blood pressure and blood volume and control acid levels of the 
body through the excretion of hydrogen (H+) (Tortora & Grabowski, 2003:610-612).  The 
glucocorticoid hormones that are responsible for regulating metabolism and resisting stress 
are cortisol, corticosterone and cortisone.  The control of the glucocorticoid secretion is via a 
negative feedback system, such as low blood levels of glucocorticoids stimulating 
neurosecretory cells in the hypothalamus to secrete a corticotrophin-releasing hormone 
(CRH).  CRH promotes the release of ACTH from the anterior pituitary.  This hormone is 
carried via the blood to the adrenal cortex, stimulating the secretion of aldosterone.  
Glucocorticoids are responsible for protein breakdown to be used for the synthesis of new 
proteins and for adenosine triphosephate (ATP) production.  Aldosterone stimulates glucose 
formation by causing liver cells to convert certain amino acids or lactic acid to glucose to be 
used for ATP production (energy).  Glucocorticoids are also used for lipolysis, resistance to 
stress, anti-inflammatory effects and depression of the immune responses (Tortora & 
Grabowski, 2003:610-612). 
 
Tortora and Grabowski (2003:613-614) identify the adrenal medulla as a modified 
sympathetic ganglion of the autonomic nervous system (ANS).  The chromaffin cells are 
stimulated by the ANS to release catecholamines, epinephrine and norepinephrine.  The 
adrenal medulla secretes epinephrine, affecting receptors of the respiratory system, the 
cardiovascular system, the gastro-intestinal (GI) tract, the liver, muscles and adipose tissue 
(Powers & Howley, 2001:75).  The authors of the Diabetes & Other Endocrine and Metabolic 
Disorders (2004) state that epinephrine and norepinephrine maintain blood pressure and 
plasma glucose levels, which respond to changes in the environment.  This process works by 
epinephrine and norepinephrine binding to adrenergic receptors which are divided into alpha 
(α) and beta (β) receptors to bring about changes in cellular activity.  The adrenal glands also 
work interactively with the hypothalamus and pituitary gland to control diabetes mellitus and 
secrete hormones that affect metabolism, blood chemicals and certain body characteristics 
(Diabetes & Other Endocrine and Metabolic Disorders, 2004).   
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High levels of cortisol have mineralocorticoid effects such as Na+ and water retention, giving 
rise to systemic hypertension and hyperglycemia, induced by high levels of cortisol causing 
insulin insensitivity and impaired glucose tolerance.  These high levels of glucocorticoids are 
often a side effect of prolonged ACTH, or adrenal tumours and impact upon the metabolic 
homeostasis of the individual with diabetes mellitus (Nowak & Handford, 2000:452).   
 
2.4.4 Muscle Tissue 
Muscle tissue consists of muscle fibres that use ATP as a means of energy to generate a 
force.  In order for this force to happen, the muscle fibres contain mitochondria.  These 
mitochondria generate most of the ATP within the cell (Tortora & Grabowski, 2003:82).  This 
makes it possible for muscle tissue to produce body movement, maintain posture and 
generate heat.  Muscle tissue is classified into skeletal muscle tissue, cardiac muscle tissue 
and smooth muscle tissue.  Skeletal tissue is usually attached to bone and is voluntarily 
activated, while cardiac muscle tissue is involuntary and forms the wall of the heart.  The 
smooth muscle tissue is located in the walls of internal structures such as airways, blood 
vessels and organs.  Smooth muscle tissue causes constriction and dilation of the walls of 
internal structures and aids the movement of food substances within and throughout the body 
and is involuntary, (Tortora and Grabowski, 2003:132).  Thus the body is mostly made-up of 
various types of muscle tissues, the proper functioning of which is necessary to carry out 
everyday activities.  Nowak and Handford (2000:448) suggest that insulin resistance as a 
cause of type II diabetes mellitus is due to a defect in abnormal insulin binding to the surface 
receptors of muscle tissues and other tissues.   
 
Proper muscle tissue functioning can affect diabetes mellitus control.  Muscle contraction 
requires a large amount of ATP to perform a contraction cycle and to pump calcium (Ca++) 
into the sarcoplasmic reticulum (where Ca++ is stored) to achieve muscle relaxation and for 
other metabolic reactions to occur (Tortora & Grabowski, 2003:289).  According to Tortora 
and Grabowski (2003:289), the production of ATP for muscle contraction is formed by the 
breakdown of muscle glycogen into glucose and the production of pyruvic acid from glucose 
via glycolysis to produce ATP and lactic acid.  Another form of energy is within the 
mitochondria, where pyruvic acid, fatty acids and amino acids are used to produce ATP via 
aerobic respiration requiring oxygen (Tortora & Grabowski, 2003:289).  When the cells are not 
sensitive to insulin and cannot open the Ca++ channels to allow glucose to enter, ATP action 
is inhibited, thus causing high levels of glucose to circulate within the blood and the muscle 
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becomes fatigued.  This process of muscle fatigue happens when an inadequate release of 
Ca++ from the sarcoplasmic reticulum occurs, resulting in the decline of Ca++ concentration 
(Tortora & Grabowski, 2003:290). 
 
According to Petersen, Dufour and Shulman (2005), inherited defects in mitochondrial 
oxidative phosphorylation activity play a role in the development of insulin resistance.  
Petersen, et al. (2005) state that there is a relationship between dysregulated fatty acid 
metabolism, fat accumulation in muscle cells and insulin resistance in skeletal muscle that 
leads to type II diabetes mellitus.  These characteristics appear to interfere with insulin 
signalling, thus decreasing insulin-stimulated muscle glucose transport and glycogen 
synthesis (Petersen et al., 2005).   
 
Nowak and Handford (2000:448) state that muscles and other tissues may have a defect that 
produces abnormal binding at the surface receptors as a response to insulin.  These tissues 
are less sensitive to insulin binding and are known as insulin-resistant cells, causing 
hyperglycemia to develop.  A compensating increase in insulin secretion ensures adequate 
glucose uptake, or if the long-term secretion demand is too much for the B cells to secrete, a 
decline of insulin production occurs owing to B cell destruction and so diabetes emerges.  
Individuals with type II diabetes mellitus are often obese and this may be due to the fact that 
insulin resistance is more prevalent in those who are overweight (Nowak & Handford, 
2000:447). 
 
2.4.5 The Effect of Diabetes Mellitus on the Circulatory System 
One of the functions of the circulatory system of the body is to deliver nutrients such as 
glucose to tissues and to extract waste from these tissues in order for the body to function 
properly.  This system consists of blood products, blood vessels, arteries, arterioles, 
capillaries, venules and veins.  The way the system works is that arteries filled with 
oxygenated blood carry blood away from the heart to other organs where they divide into 
smaller arteries called arterioles.  The arterioles branch into capillaries that allow an exchange 
of substances between the blood and body tissue.  The capillaries within tissue reunite to 
form venules carrying deoxygenated blood, which then merge to form progressively larger 
veins.  The veins carry blood from the tissues to the heart (Tortora & Grabowski, 2003:697).  
When the functioning of this system is hindered for any reason, such as by atherosclerosis, 
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the proper functioning of the body systems are also influenced as nutrient delivery may be 
affected.   
 
According to Nowak and Handford (2000:220), diabetes mellitus causes derangements within 
blood vessels that produce early and severe atherosclerosis, causing plasma glucose levels 
to be elevated and this leads to hyperglycemia.  The effect of the altered circulatory function 
is that sugar is added to circulating plasma proteins through a process called glycation.  The 
glycation of low-density lipoproteins (LDL cholesterol) aids in the development of 
atherosclerosis during the progression of diabetes.  Nowak and Handford (2003:220) state 
that even when hyperglycemia is controlled, an increased risk of coronary atherosclerosis is 
present and is linked to high levels of LDL cholesterols and low levels of high-density 
lipoproteins (HDL cholesterols), complicating the pathology associated with diabetes mellitus.  
 
2.5 DIAGNOSIS OF DIABETES MELLITUS 
Nowak and Handford (2000:450) propose that the diagnoses should be based on the 
presence of hyperglycemia, glucosuria and polyuria in type I diabetes mellitus, as well as the 
ability of cells to take up and metabolise glucose as measured by the glucose tolerance test 
(GTT) for type II diabetes mellitus.  For the purpose of this study, the GTT test was carried out 
by physicians.  The test result is deemed positive if after the oral ingestion of glucose, blood 
glucose increased and remained elevated, indicating an impaired glucose tolerance and a 
subsequent sign of type II diabetes mellitus.   
 
Guyton and Hall (2006:975-976) suggest that there are several ways of diagnosing diabetes 
mellitus, such as urinary glucose, fasting blood glucose and insulin levels, GTT, as well as 
acetone breath.  The urinary glucose test is a simple office test to determine the quantity of 
glucose lost in the urine.  The fasting blood glucose and insulin level test should be performed 
in the morning before the ingestion of any food.  Guyton and Hall (2006:975) propose that a 
healthy individual has a blood glucose level of 80 to 90 mg/100ml, but an individual with 
diabetes mellitus has blood glucose levels equivalent to or higher than 110 mg/100ml.  An 
acetone breath derived from acetoacetic acid in the blood, which increases in diabetics and is 
converted to acetone, is a typical characteristic in the diagnosis of type I diabetes mellitus 
(Guyton & Hall, 2006:975). 
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2.6 CLINICAL SYMPTOMS OF DIABETES MELLITUS 
This section covers the symptoms of diabetes mellitus, which are divided into two sections.  
The first section covers acute symptoms, while the second section involves the chronic 
symptoms of diabetes.  According to International Diabetes Federation (2006), the treatment 
of diabetes can cause complications, these complications can be divided into acute 
complications and long-term chronic complications.  Acute complications may be due to 
inadequate control of blood glucose levels, which may result in hypoglycemia, ketoacidosis or 
nonketotic hyperosmolar coma.  The more serious long-term complications that may result 
from poor care are cardiovascular disease, retinal damage (blindness), nerve damage and 
microvascular damage causing poor wound healing, particularly of the feet that may lead to 
gangrene and possibly to amputation (Wikipedia, 2009).   
 
Guyton and Hall (2006:973-974) list the following chronic effects of type I diabetes mellitus: 
the blood glucose concentration rises to very high levels; increased blood glucose causes a 
loss of glucose in the urine; increased blood glucose causes dehydration; chronic high 
glucose concentration causes tissue injury; diabetes causes increased utilization of fats and 
metabolic acidosis; and finally, diabetes mellitus causes depletion of the body’s proteins.  The 
authors continue to list the chronic effects of type II diabetes mellitus as obesity, insulin 
resistance and metabolic syndrome that usually precede the development of type II diabetes 
mellitus. 
 
According to Durstine and Moore (2003:133),  type I diabetes mellitus is a chronic condition 
whereby an absolute deficiency of insulin caused by a reduction of insulin secreting beta cells 
of the pancreas exists, which can leave the individual prone to developing ketoacidosis when 
hyperglycemia occurs as a result of inadequate insulin to restore homeostatic blood glucose 
levels.  Where type II diabetes mellitus shows more acute symptoms, Saladin (2001:654) 
states that often these persons show three main symptoms which are polyuria (excessive 
urine output), polydipsia (intense thirst) and polyphagia (ravenous hunger).  Saladin 
(2001:655) suggests that blood and urine tests can be used to confirm diabetes, which 
typically reveals hyperglycemia, glycosuria (loss of glucose through urine) and ketonuria (loss 
of the protein by-product in the urine).  Medline Plus supports the notion that blood and urine 
tests may be used to identify diabetes as the disease is difficult to diagnose as frequent 
urination, increased thirst, and hunger can appear to be normal everyday functions of the 
body, and often persons with type II diabetes mellitus are unaware of these symptoms.  Most 
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often symptoms are recognised after acute complications associated with blurred vision, 
erectile dysfunction, fatigue, frequent infections, slow-healing infections, increased appetite, 
increased thirst and increased urination have set in.  According to the ACSM (2006:209), the 
acute symptoms of diabetes in relation to hyperglycemia (>300mmol·L-1) are classified as 
general weakness, increased thirst, dry mouth, soft eyeballs, frequent urination, increased 
appetite, nausea, vomiting, abdominal tenderness and acetone breath.   
 
The more chronic effects of diabetes are vascular in nature and include neurological changes 
that are related to the metabolic derangements of the disease.  These derangements consist 
of plasma and tissue proteins that combine with glucose as a result of hyperglycemia, that 
causes glycation (the addition of sugar to circulating plasma proteins) (Nowak & Handford, 
2000:220).  This reaction causes proteins to function abnormally while producing 
complications such as haemoglobin, albumin, lipoprotein, eye lens protein, collagen and cell 
membrane proteins to become altered (Nowak & Handford, 2000:448-449).  The authors 
further state that microangiopathy is caused after about 15 years of having been exposed to 
hyperglycemia.  This is the altered carbohydrate metabolism that causes faulty deposition of 
basement membrane material in blood vessels, causing weakness of the vessels.  The role of 
glycosylated proteins in basement membranes causes endothelial changes and platelet 
aggregation to reduce blood flow most of the time superimposed by arteriolosclerosis.  The 
reduced blood flow can result in the compromised healing response in limbs (Nowak & 
Handford, 2000: 449-450).  They also state that the chronic effects of this disease may affect 
the basement membranes of retinal vessels, forming small aneurysms which could lead to the 
rupture and damage of the retina, resulting in the progressive loss of sight and as  well as the 
formation of cataracts.   
 
The chronic effects of diabetes may also lead to decreased renal function and renal papillae 
and atherosclerosis may lead to myocardial infarction, cerebrovascular accident, increased 
low density lipoproteins, as well as peripheral neuropathy (Nowak & Handford, 2000:450).  
Peripheral neuropathy is the disturbance of neurological stimuli via either supporting myelin 
sheath derangements or via the disruption of the neuron processes.  This may lead to 
sensory loss and skeletal motor dysfunction due to autonomic pathways being affected 
(Nowak & Handford, 2000:450).   
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In support of the aforementioned literature, MacFarlane, Reid and Callader (2000:660) 
suggest that the chronic effects of diabetes mellitus and the complications of this disease are 
keto-acidotic coma associated with hyperosmolarity, hypovolaemia, acidosis and loss of 
electrolytes, mainly present in type I diabetes mellitus but also possibly present in serious 
cases of type II diabetes mellitus.  The authors also mention that hyperosmolar non-ketotic 
coma associated with dehydration, mainly present in type II diabetes mellitus, and 
hypoglycaemic coma may occur when insulin intake is higher than is needed for the amount 
of food consumed.  They maintain that athroma and coronary thrombosis are also chronic 
effects of diabetes mellitus.  They furthermore state that microangiopathy occluding capillaries 
and arterioles could cause cardiac failure, retinopathy, neuropathy, gangrene of limbs and 
Kimmelstiel-Wilson lesions in the kidneys.  In addition, renal failure due to glomerulosclerosis, 
pyelonephritis and renal papillary necrosis may result as complications of this disease, while 
infections due to increased susceptibility to sepsis and fungal infections and neuropathy due 
to direct metabolic damage or microvascular occlusion, may occur.  Medline Plus adds to the 
chronic effects of diabetes of the possible long-term complications as atherosclerosis, 
coronary artery disease, erection problems, high blood pressure, high cholesterol, infections 
of the skin, infections of female genital tract, infections of the urinary tract, peripheral vascular 
disease, stroke as well as diabetic coma.   
 
Florence and Yeager (1999) associate insulin resistance and diabetes with a cluster of 
metabolic and vascular abnormalities, called syndrome X.  These authors classify diabetes 
mellitus as a co-morbid component of syndrome X. However, syndrome X may also be 
classified as a complication of diabetes.  These co-morbid components include four chronic 
metabolic states such as obesity characterised by a body weight of greater than 20% of a 
person’s desired body weight, or a BMI of greater than 27 kg·m-2; glucose intolerance and 
type II diabetes mellitus, indicated by a threshold value of greater than 126 mmol·L-1 of fasting 
blood glucose; hypertension, indicated by a blood pressure reading on two separate 
occasions of greater than 140/90 mm Hg; and dyslipidaemia with raised triglyceride 
concentration, as indicated by triglyceride levels of greater than 25 mmol·L-1.  The co-morbid 
components also include cardiovascular states such as low-density lipoprotein (LDL 
cholesterol), indicated by a threshold value greater than 120 mmol·L-1; and high-density 
lipoprotein (HDL cholesterol), indicated by a threshold value less than 35 mmol·L-1.  Other co-
morbid components include disturbed fibrinolysis, hyperuricaemia (baseline levels) and age 
being over years old.   
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These features are also associated with cardiovascular (CV) disease, which is the main 
cause of mortality in type II diabetes mellitus, according to Pérez-Martin, Raynaud and 
Mercier (2001).  Hurley and Roth (2000) state that glucose intolerance and insulin resistance 
are independent risk factors for coronary heart disease (CHD) and are also associated with 
hypertension, elevated blood levels of low-density lipoproteins and reduced levels of high-
density lipoproteins (HDL-C).  The prevalence of glucose intolerance increases with age 
because of insulin resistance. This leads to hyperinsulinaemia and may be caused by 
increased adiposity and/or decreased physical activity (Hurley and Roth, 2000).   
 
2.7 DISEASE PROGRESSION 
The progression of diabetes mellitus is covered in three sections consisting of the factors 
involved with diabetes mellitus.  The first section consists of the aetiology and risk factors of 
the disease; the second section covers the environmental factors involved in diabetes, while 
the third section covers the internal factors related to diabetes. 
 
2.7.1 Aetiology and Risk Factors of Diabetes Mellitus 
According to Pérez-Martin et al. (2001), insulin resistance results from variable interactions 
between genetic and environmental factors, while its extent varies considerably among 
individuals.  Lyssenco, Almgren, Anevski, Orho-Melander, Sjo¨ gren, Saloranta, Tuomi, Groop 
and the Botnia Study Group (2005) ‘Type II diabetes mellitus is a multifactorial disease in 
which environmental triggers interact with genetic variants in the predisposition to the 
disease’.  The basic mechanism of type I diabetes mellitus stated by MacFarlane et al. (2000: 
659) is mainly genetic in origin, while the basic mechanism for type II diabetes mellitus is 
prolonged insulin resistance in the tissues leading to inadequate secretion of insulin by the 
beta cells.   
 
Glaser (2007) proposes that genetic variation plays a larger part in determining the risk of 
developing diabetes, and type II diabetes mellitus is a genetically heterogeneous disease 
which stems from a decrease in beta-cell function determined by mutated genes during the 
natal phase of a person’s life.  The following are risk factors for type II diabetes mellitus, 
taking into account environmental and internal factors: 
 
 
 32
2.7.2 Environmental Factors Affecting Diabetes Mellitus 
Environmental factors like diet can cause obesity, which in turn leads to increased insulin 
resistance in persons with type II diabetes mellitus (MacFarlane et al., 2000:659).   
 
Nowak and Handford (2000:446) report that environmental factors may also play a role in 
type I diabetes mellitus as evidence has been found that indicated beta cell viral infection as a 
factor in the cause of type II diabetes mellitus.  Nowak and Handford (2000:446) explain that 
infection of the beta cells may cause them to develop alterations in their antigenic makeup 
and are then recognised as non-self, causing a mediated immune attack.   
 
According to Pérez-Martin et al. (2001), there are environmental causes such as insulin 
deficiency, which is due to the sedentary well-nourished lifestyle that prevails, in that the 
major diabetogenic dietary factor is an energy-dense diet along with inadequate levels of 
physical activity. It seems that reduced energy expenditure may contribute to the 
development of obesity, which is one of the well identified causes of type II diabetes mellitus.  
The aforementioned authors identified the following risk factors to be in favour of the central 
deposition of adipose tissue: overeating, reduced physical activity, smoking, excess alcohol 
consumption and the neuron-endocrine responses to everyday psychosocial stressors.  An 
increased intra-abdominal fat mass is an important determinant of insulin resistance, 
especially in skeletal muscle (Pérez-Martin et al., 2001).  Hornsby and Albright ( 2003:133) 
explains in more detail that increases in blood glucose cause the over-secretion of insulin 
from the beta cells within the pancreas in an attempt to maintain normal blood glucose levels.  
When these levels rise considerably, insulin becomes ineffective in lowering blood glucose 
levels and may further contribute to insulin resistance that results in exhaustion of the beta 
cells over time, eventually leading to a decrease in insulin secretion.   
 
Moreover, Pérez-Martin et al. (2001) state that insulin sensitivity tends to decline with physical 
inactivity, while regular physical exercise and fitness increase insulin sensitivity and can 
protect against the subsequent development of type II diabetes mellitus.  Chronic 
hyperglycemia can also reduce insulin sensitivity, known as glucose toxicity, although the 
mechanisms are unknown. 
 
According to Nowak and Handford (2000:448), it can happen that an increase in insulin 
secretion ensures adequate glucose uptake, therefore diabetes does not develop.  However, 
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in these persons the long-term secretion of insulin at higher than normal levels is too much for 
the beta cells to handle and eventually secretion declines and diabetes prevails.  
 
2.7.3 Internal Factors Affecting Diabetes Mellitus 
Genetic causes of insulin resistance in obesity and type II diabetes mellitus are apparently 
transmitted as a polygenic familial trait.  Mutations in the insulin receptor can cause extreme 
insulin resistance, but are extremely rare and have been excluded as a significant cause of 
type II diabetes mellitus.  Some polymorphisms of the genes encoding insulin receptor 
substrate 1 (IRS-1), glycogen synthase and protein phosphatase1 have been associated with 
type II diabetes mellitus.  According to Pérez-Martin et al. (2001), gender influences insulin 
sensitivity and skeletal muscle in men is more insulin resistant than that in equally fit women.  
Women, however, do have a higher proportion of body fat (Pérez-Martin et al., 2001). 
 
Nowak and Handford (2000: 448) state that muscles and other tissues can have a defect that 
produces abnormal responses to insulin binding at surface receptors.  Such tissues are less 
sensitive to insulin binding, and this is known as insulin-resistance, which prompts an 
exaggerated idiopathic release of glucose from the liver.  Nowak and Handford (2000:448) 
also mention that the aforementioned condition leads to the development of hyperglycemia, 
which is exaggerated by an idiopathic release of glucose from the liver.  
 
Florence and Yeager (1999) state that there is a proportional increase in persons with type II 
diabetes mellitus the closer they get to the age of 65 years.  Hurley and Roth (2000) support 
the evidence that aging is an internal factor associated with impaired glucose metabolism, 
predisposing older men and women to the development of insulin resistance syndrome, 
diabetes mellitus and chronic heart disease (CHD).  Age-associated reductions in muscle 
mass are thought to be related to deterioration in glucose metabolism.  It has been 
hypothesised that resistance training and subsequent increases in fat-free mass (FFM) may 
improve glucose and insulin responses to a glucose load in older populations.  Furthermore, 
resistance training has been observed to improve glucose metabolism in individuals with 
normal and abnormal glucose metabolism, even when body fat or VO2max is not changed. 
Some individuals with impaired glucose tolerance become normalised following resistance 
training (Hurley & Roth 2000). 
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In a study by Kayley (2007), a trial using an eight-week to twelve-month exercise intervention 
proved to significantly improve a patient’s glycemic control, despite there being no significant 
difference in body mass.  Kayley (2007) reasons that this is due to the increased fat-free 
mass as a result of exercise.  The study also showed that the exercise intervention 
significantly increased the patient’s insulin response to exercise.    
 
According to Powers and Howley (2001:85), plasma glucose concentration during exercise is 
maintained by the mobilisation of glucose from the liver’s glycogen stores, the mobilisation of 
plasma free fatty acid (FFA) from adipose tissue, the synthesis of glucose (gluconeogenesis) 
from amino acids, lactic acid and glycerol in the liver and forcing substitution of FFA as a fuel 
instead of glucose.  These processes are controlled by hormones for the maintenance of 
plasma glucose during exercise, which provides fuel at a glucose oxidation rate of 1 g/min 
during moderate exercise (Powers & Howely, 2001:85).   
 
2.8 INTERVENTION STRATEGIES 
The strategies discussed in this section address medicinal interventions, alternative 
interventions and exercise interventions.  There are various modalities that are used for the 
treatment of individuals with type II diabetes mellitus.  These modalities will be explored and 
discussed under the management and treatment options of type II diabetes mellitus.  
According to Durstine and Moore (2003:135), the management modality chosen for the 
intervention of diabetes mellitus depends on a number of factors such as the type of diabetes, 
the severity of associated complications and the person’s blood glucose goals. 
 
Durstine and Moore (2003:135) suggest that a primary goal for managing diabetes should be 
to stabilise blood glucose levels.  The authors recommend oral agents that focus on the 
glucose levels specifically, as well as agents that focus on reducing the secondary risk of 
cardiovascular (CV) disease, an individualised healthy diet plan and, finally, participation in 
regular bouts of exercise.  The reason for focusing on reducing the risk of CV disease is 
because diabetes is related to vascular diseases and accounts for the majority of mortalities 
in diabetes mellitus.  According to Durstine and Moore (2003:135), medicinal use includes 
glucose-lowering agents, ACE inhibitors, lipid-lowering agents, antihypertensive agents, as 
well as pain medications.  Ripsin, Kang and Urban (2009:35) state that progressive failure of 
the beta cells may be inevitable in some persons with type II diabetes mellitus, even with 
proper oral agents and regular exercise, and then insulin may be the only other intervention 
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strategy left.  Insulin is an agent that allows glucose to enter the cells, while oral medications 
help the pancreas to secrete insulin and increase insulin sensitivity of cells.  Oral agents also 
reduce liver glycogenolysis and alter carbohydrate absorption.   
 
Guyton and Hall (2006:976) believe that the treatment of type II diabetes mellitus relies to a 
large extent on dieting and exercising in an attempt to induce weight loss and to reverse 
insulin resistance.  They also recommend that when these methods fail, oral medication may 
need to be administered to increase insulin sensitivity or to increase insulin production activity 
of the pancreas.  Guyton and Hall (2006:976) advocate that persons with type II diabetes 
mellitus have a close to normal carbohydrate diet and efficient insulin dosages to metabolise 
the carbohydrates.  The authors reason that this decreases the rate of fat metabolism and 
depresses the high level of blood cholesterol.  Eriksson (1999:383) states that the 
combination of exercise and specific eating plan programmes seem to improve metabolic 
control to a greater degree than exercise alone.   
 
Hurley and Roth (2000:255) believe that improvement in glucose metabolism is dependent on 
reductions in body fat and increases in VO2max, where aerobic exercise training should be 
recommended for improving glucose homeostasis.  In a study by Ligtenberg, Hoekstra and 
Zonderland ( Eriksson, 1999), older adults (between the ages of 55 years and 75 years) who 
have type II diabetes mellitus were included in a 12-week exercise intervention programme.  
The intervention used by Ligtenberg, Hoekstra and Zonderland (1999) consisted of a 60% to 
80% VO2max aerobic exercises performed three times a week.  This study showed that the 
participants under supervision were suitable and the intensity was sufficient for results, which 
showed a reduction of risk factors between 0.64 percent and 0.94 percent when comparing 
active and sedentary persons (Eriksson, 1999).  In another study by Mourier, Gautier and 
DeKerviler (1999) 24 participants of the mean age of 45 years took part in an eight-week 
intervention of aerobic exercise (75% of VO2max) for 45 minutes of continuous exercise twice 
a week.  It was concluded that insulin sensitivity was significantly improved.  Medline Plus 
adds that regular exercise is important, as it helps control the amount of glucose in the blood 
and helps with weight management through burning excess calories and fat.  Exercise 
improves physiological and psychological parameters such as overall health and blood flow 
blood pressure, it decreases insulin resistance, increases the body’s energy levels, lowers 
tension and improves the ability to handle stress.   
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Medline Plus recommends that precautions should be taken when participating in an exercise 
programme.  It is recommended that a person should always consult a healthcare provider 
before starting an exercise programme to eliminate any contra-indications one might have to 
exercise.  It is recommended that a person should consult the healthcare provider about 
appropriate footwear, as it is important to prevent foot injury during exercise.  Current fitness 
level should be assessed for daily exercises, and blood glucose levels should be monitored 
before and after exercise to prevent hypoglycaemia.  Should a person hit a low while 
exercising, that person should keep a fast-acting carbohydrate on hand.  A diabetes 
identification bracelet is also advised, as well as participating in regular drinking breaks during 
and after exercise.  This drink should not, however, contain sugar according to Medline Plus.   
 
2.9 EXERCISE AS AN INTERVENTION FOR DIABETES MELLITUS 
The exercise programme intervention is affected by many variables.  Exercise training can 
affect all aspects of diabetes mellitus management.  According to Bjorgaas, Saeterhaug, 
Langlo, Sakshaug, Mohuse, and Grill (2004), physical activity improves glucose tolerance in 
persons with type II diabetes mellitus in that it aids in the reduction of the secondary risk of 
cardiovascular disease.  The ACSM (2006:208) reports that exercise has an insulin-like effect 
on the uptake of glucose, causing improved glucose tolerance and increased insulin 
sensitivity.  For this reason in this study, the exercise programme was prescribed according to 
the ACSM’s guidelines (2006:207-211) to ensure that the hydrotherapy intervention 
programme was presented in a scientifically appropriate manner, while progressive overload 
was incorporated.   
 
Still more research is needed on exercise for persons with type II diabetes mellitus in the 
medium of warm water.  The ACSM (2006:207) advises that persons with diabetes should 
avoid exercising in the mornings, while hydrotherapy may reduce reliance on non-steroidal 
anti-inflammatory drugs (NSAIDs).   
 
2.9.1 Hydrotherapy  
Ford-Martin and Frey (2005:1) define hydrotherapy as the use of water to create an 
environment for persons in order to relieve discomfort and promote physical well-being.  
Hydrotherapy and the therapeutic use of water have a long history dating back to the 
eighteenth and nineteenth centuries.  It was believed that hydrotherapy could soothe sore 
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joints, was used to rehabilitate injured limbs, lowered fevers with colder water temperatures, 
soothed headaches and aided in relaxation.  
 
2.9.2 Water Properties 
Water properties consist of the components of water that make up the constituency of the 
medium and the interaction of these properties with the human body during physical activity 
within the water.  The aforementioned properties will subsequently be discussed. 
 
2.9.2.1 Water Density and Buoyancy 
The density of water and buoyancy are discussed by Koury (1996:2) who states that 
gravitational forces in water are reduced due to its density and the body’s buoyancy, which 
makes physical activity in water easier than on land.  As buoyancy acts as a cushion for the 
spine and extremities that may be weakened due to disease, persons with obesity and 
cardiovascular disease find it easier to participate in rehabilitation in the medium of water.  
Koury (1996:2-3) states that buoyancy makes it possible to position the body horizontally for 
exercise, causing a reduced work load on the cardiovascular system for a given workload 
compared to that on land.  It is further stated that buoyancy can assist with range of motion 
(ROM) and gait, and postural corrections can be accomplished owing to decreased 
compression forces on the spine and other joints. It also improves strength, which is achieved 
because of the density and viscosity of the water that act as resistance to movement and the 
speed of movement.   
 
2.9.2.2 Water Temperature  
The temperature of the water plays an important role in hydrotherapy, as certain temperatures 
may decrease pain and discomfort.  Koury (1996:3) supports this notion and claims that warm 
water between temperatures of 30 – 34 ̊ C decreases muscle pain and muscle spasms due to 
muscle guarding, improving ROM and making exercises more comfortable.  Koury (1996:3) 
further states that water temperature can significantly affect the physiological and 
psychological success of hydrotherapy intervention.  Cooler water temperatures can cause 
reluctance of the participants to perform the water exercises, as they do not want to exercise 
in cooler temperatures.  However, the cooling effect of the water may increase exercise 
tolerance.   
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When water is warmer, exhaustion occurs much sooner during exertion due to the blood 
carrying oxygen to the exercising muscles and heat from the core of the body to the skin for 
cooling.  This action causes an extra burden on the heart as the heart has to pump harder 
and faster, causing strain (Astrand & Rodahl, 1986:625).  This theory is further explained by 
Foss and Keteyian (1998:518) who say that the environment and humidity of the exercise 
area during prolonged exercise may lead to an excessive increase in body core temperature, 
severely limiting a person’s ability to perform work in heat.   
 
2.9.2.3 Hydrostatic Pressure of Water  
On initial immersion under water, a slight increase in blood pressure occurs due to a 
momentary constriction of the cutaneous vessels.  The physiological adaptation consequently 
results in the body adjusting by dilating arterioles and reducing blood pressure, a process that 
may improve exercise tolerance for hypertensive clients.  Koury (1996:3) defines the pressure 
of the water on the body and blood vessels as hydrostatic pressure.   
 
2.9.2.4 Specific Gravity  
According to Astrand and Rodahl (1996:14): “the submerged weight of the human body in 
water is reduced to a few kilograms because the specific gravity of the body is not much 
different from that of water”.  In other words, Astrand & Rodahl (1986:625) propose that when 
the human body enters water, the body’s weight is reduced due to the high water content of 
the human body.  As a result the effect of gravity within the water on the human body is 
decreased, making the body lighter.  According to Koury (1996:14), the specific gravity of the 
body can fluctuate slightly above or below 1.0.  The fluctuation may vary according to fresh 
(1.0) or salt water (slightly lower).  The lower the specific gravity of a body, the more buoyant 
the body is within water.  Specific gravity is also affected by the density and composition of 
the human body: the higher the body density, the lower the specific gravity. However, the 
higher the body’s fat to lean muscle mass, the higher the specific gravity (Koury 1996:14).   
 
The above is relevant to this study as most persons diagnosed with type II diabetes mellitus 
have a slightly higher body fat to lean muscle mass ratio (obese).  According to Guyton and 
Hall (2006:974), obesity is the most important risk factor for type II diabetes mellitus.  Koury 
(1996:14) states that fat weight has a specific gravity slightly lower than 1.0.  Therefore the 
mechanical loading of the joints during participation in exercises in water will be less and will 
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contribute to the prevention of orthopaedic complications as compared to land-based exercise 
intervention.   
 
2.9.2.5 Movement through the Water  
Koury (1996:23) states that the resistance of the body to movement through water is the 
result of the ability to move aside water mass while overcoming frictional characteristics 
known as viscosity.  The author goes on to state that when movement in water is slow, 
buoyancy is the principal force acting on the body.  Therefore water adds resistance to 
exercises performed within it as a result of the above-mentioned factors.  Furthermore, when 
movement speed in water is increased, the resistance of the water increases.  This is 
because the body has to displace water volume, as well as overcome the viscosity of the 
water at a greater speed.  According to Kravitz and Mayo (2008), a number of studies have 
shown that participants who have taken part in shallow water exercise routines have 
improvements in physiological adaptations due to the buoyant properties of water which 
decrease joint stresses and enable these gains.   
 
2.9.3 Effect of Intensity, Frequency and Duration of Exercise 
Powers and Howley (2001:294-295) describes the dose-response relationship when taking 
part in physical activity as being characterised by the effects of intensity, frequency, duration 
and the mode of activity.  The authors state that a specific effect of physical activity is 
dependent on the proper dose of exercise needed to bring about the desired response.  For 
example, the specific effect of physical activity may be to improve glucose tolerance, thus 
exercising three times a week for fifty minutes at a moderate pace may bring about this 
desired response.   
 
Ruoti, Troup, and Berger (1994) state that water exercise, when maintained at a moderate 
heart rate, increases the level of aerobic fitness to a similar degree as that of running on land.  
The study by Ruoti et al. (1994) determined the effects of water exercises that do not consist 
of swimming on aerobic work capacity in older populations and discovered that the exercise 
group improved significantly after the twelve-week duration of the study.  Kravitz and Mayo 
(2008) believe that: ‘The Physiological Effects of Aquatic Exercise’, has shown significant 
decreases in body fat following water activity performed three times a week for no less than 
eight weeks long.   
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According to Sigal, Kenny, Wasserman and Castaneda-Sceppa (2004), the U.S. Surgeon 
General’s report recommended that most persons should accumulate more than thirty 
minutes of moderate intensity activity on most days of the week.  They found that many 
persons would rather schedule fewer longer sessions a week than many shorter sessions a 
week.  Sigal’s et al. (2004) was supported by a study conducted by Boulé et al. (2001). They 
found that exercise interventions of shorter duration, but increased frequency during the week 
resulted in increased lean body mass.  The ACSM (2006: 208) recommends a dose response 
for persons with diabetes to be the duration of between twenty and sixty minutes a session 
and the intensity of fifty to eighty percent of the heart rate reserve.  Sigal et al. (2004) found 
that the effect of exercise on insulin sensitivity for a single bout of aerobic exercise lasts 24-72 
hours depending on the duration and intensity of the exercise.  Based on the aforementioned 
results the authors recommend that for aerobic activity the time between sessions of physical 
activity should be no longer than two days apart.   
 
Taking into consideration the above-mentioned findings, the ACSM (2006:161) states that 
exercise for older adults can be performed three to five days a week with duration rather than 
intensity as the main focus.  Durstine and Moore (2003:138) prescribed a frequency of two to 
three sessions a week in order to obtain the appropriate physiological responses to the 
exercises in order to ensure that the desired health-related benefits.  The ACSM (2006:134) 
stipulates that the principle of progressive overload should be applied to gain any 
physiological benefits.  Thus the participants must be exposed to a stimulus greater than what 
is necessary to create a response.  This response should be slightly higher than that which 
the person is used to by applying the fit principles (described above).   
 
2.9.4 Benefits of the Hydrotherapy/the Exercise Programme Intervention 
According to Koury (1996:71, 73, 75), the health-related fitness components of performing 
exercises in water are muscle strength, muscular endurance, balance, co-ordination and 
cardiovascular conditioning.   
 
Batty, Shipley, Marmot and Smith (2002) state that physical activity has a normalising effect 
on coronary heart disease (CHD), and decreases body weight in individuals with type II 
diabetes mellitus. Furthermore, evidence of the positive effects of physical activity on 
coronary heart disease (CHD) risk factors, such as decreases in body weight, fat distribution, 
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blood pressure, blood lipid profiles and increased cardiorespiratory fitness have been 
reported by Batty et al. (2002).   
 
Eriksson (1999) states that the incidence of type II diabetes mellitus increases with age owing 
to the decline in muscle mass and subsequent decline in metabolic function.  Therefore 
Eriksson (1999) proposes that an optimal exercise programme for persons with diabetes 
should include health-related fitness components of cardiorespiratory endurance, muscular 
strength and muscular endurance, and should include resistance training.  The author 
continues by stating that a combination of various modes of exercises has a positive influence 
on patient compliance to the programme at hand.  According to Kubetin (2002), older women 
can gain cardiorespiratory and other health benefits from water-based exercises.  Eriksson 
(1999) maintains that aerobic endurance is the most suitable exercise mode for persons with 
diabetes.  For this reason Sanders (2003) states that the resistance that water provides 
during physical activity can provide the right environment for weight management as most 
persons with type II diabetes mellitus suffer from weight gain. Thus walking in water offers a 
medium which requires greater energy expenditure than walking on a treadmill. From the 
aforementioned evidence, it is clear that exercise has long been considered a cornerstone for 
the treatment of type II diabetes mellitus. 
 
Eriksson (1999) reports that regular exercise has positive metabolic effects such as increased 
insulin sensitivity, increased lean muscle mass, improved blood lipid profiles, decreased body 
weight (fat percentage), decreased hepatic glucose production and improved blood pressure, 
creating a positive effect on the cardiovascular system.  Thus the relationship of insulin 
resistance and exercise, according to Eriksson (1999), states that insulin resistance plays a 
central role in the pathogenesis of type II diabetes mellitus.  This notion by Eriksson (1999) 
implies that due to the sensitivity caused by the effects of exercise on insulin, there is a 
carryover effect from the last bout.  As a result muscle tissue is one of the major determinants 
of insulin sensitivity and the role that physical activity has on the improvement of insulin 
sensitivity.  However, the combination of exercise and a eating plan programme seems to 
improve metabolic control to a greater degree than exercise alone.  
 
The physiological benefit of hydrotherapy, according to Koury (1996:2), is that physical 
therapy activities within the water for rehabilitation purposes may facilitate more movement for 
persons who are injured, have had surgery performed, suffer from disease or who are 
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immobilised.  Rehabilitation is aided through a reduction in gravitational forces facilitated by 
buoyancy, hydrostatic pressure and water temperature.   
 
Buoyancy supports weak joints by providing assistance and progressive resistance to 
movement in water, while hydrostatic pressure assists with stabilisation of weak joints, 
decreases edema and improves circulation (Koury, 1996:2).  The improved circulation, via 
hydrostatic pressure and temperature of water, accelerates healing, thus improving muscle 
function and strength.  Koury (1996:2) reasons that enhanced rehabilitation in the medium of 
heated water is achieved by improving circulation to areas where needed, and heated water 
causes soft tissue to relax, and reduces pain.   
 
Another benefit of hydrotherapy is improved aerobic endurance through activities such as 
walking, running and cycling within the water.  This is in order to improve glucose and fat 
metabolism, as a source of fuel and is, therefore, beneficial for controlling body fat content 
(Koury, 1996:2).  The author states that endurance exercises performed in water can be 
easier for the unfit, overweight or elderly patients, since gravitational forces are reduced, 
thereby increasing tolerance and making compliance (with the exercise programme) easier.   
 
The normal physiological effects of aerobic exercise on glycaemic control and body weight 
without the involvement of water would otherwise benefit persons with type II diabetes 
mellitus.  Thus, when the same conditions are mimicked in the water, the benefits are much 
greater.  According to Sigal et al. (2004), most clinical trials that focus on the effects of 
physical activity intervention for persons with type II diabetes have little statistical power to 
determine the effects of exercise on glycaemic control and body weight.  A study conducted 
by Boulé, Haddad, Kenny, Wells, and Sigal (2001) using a systematic review and meta-
analysis on the effects of structured exercise interventions in clinical trials lasting a duration of 
greater than eight weeks, revealed similar results, namely that the glycaemic control was 
positively altered and body mass had subsequent effects in persons with type II diabetes 
mellitus.  Boulé et al. (2001) found no difference in baseline glycosylated haemoglobin 
(HbA1c) or decreased body weight within the control groups.  Boulé et al. (2001) study was 
conducted using twelve aerobic studies and two resistance training studies consisting of ten 
participants exercising in each group study (control group and sample group).  The studies 
took place over eighteen weeks with three sessions a week.  However, the authors found a 
lower HbA1c in the sample group during the post-intervention period with no difference 
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between the exercise and control group concerning decreased body weight.  Thus the studies 
revealed that the exercises reduced the complications of type II diabetes mellitus (glycaemic 
control) with no real effect on body mass.   
 
Sigal et al. (2004) propose that a higher level of habitual aerobic fitness and physical activity 
is associated with lower cardiovascular disease and overall mortality.  The effects of exercise 
on glycaemic control, blood lipid profile and blood pressure are statistically and clinically 
significant according to Sigal et al. (2004).   
 
A study conducted by Wei, Gibbons, Kampert, Nichaman and Blair (2000) examined the 
association between cardiorespiratory fitness or physical activity and mortality in men with 
type II diabetes.  Wei et al. (2000:605) concluded that men with type II diabetes mellitus who 
live a sedentary life or who are of low cardiorespiratory fitness are associated with higher all-
cause mortality.  The authors found that moderate or high cardiorespiratory fitness was 
associated with lower mortality in men with type II diabetes mellitus.   
 
Sigal et al. (2004) also state that in the general population (non-diabetic persons) the effects 
of exercise on lipids and blood pressure are modest.  Hu, Stampfer, Solomon, Liu, Colditz, 
Speizer, Willett and Manson (2001) found exercise training to be beneficial for glycaemic 
control, insulin resistance and lipid profiles in patients with diabetes.  Positive results were 
noted (in a systematic literature review) by Hu et al. (2001) on the effects of moderate 
intensity aerobic exercise on cardiovascular risk factors, such as blood pressure and fasting 
blood lipids.  Similarly Hu et al. (2001) found improvements in plasma lipid levels in a three-
month study of sixteen patients with controlled type II diabetes mellitus who performed 
aerobic exercise.  They found that triglyceride levels decreased and high density lipoprotein 
(HDL cholesterol) cholesterol levels increased.  Hu et al. (2001) found that in the same study, 
systolic and diastolic blood pressures were significantly reduced, although body weight did 
not change much.   
 
Boulé et al. (2001) commented on the effects of exercise on glycaemic control and body mass 
in type II diabetes mellitus, concluding that the differences found between sample groups and 
control groups after the intervention showed that the differences in weight-loss was not 
statistically significant, therefore the exercise may not need to reduce body weight in order to 
benefit glycaemic control.  Boulé et al. (2001) found that exercise decreases insulin 
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resistance and increases glucose disposal through mechanisms that are not associated with 
body weight changes.   
 
Sigal et al. (2004) stated that the benefits of resistance exercise on glycaemic control and 
body weight has many benefits, while most forms of aerobic exercise are not advisable for 
persons with peripheral neuropathy, and persons with severe obesity will find it very 
challenging to pursue.  Sigal et al. (2004) found that resistance exercise was more rewarding, 
as the benefits were more immediate owing to increased muscle mass and muscle endurance 
which had a more rapid effect on the functional state of the body and body composition.  
Sanders (2003) held the same belief that muscular strength gains were related to muscular 
endurance gains as most resistance exercises performed in water also caused gains in 
muscular endurance. 
 
Sigal et al. (2004) suggests that with increased age there is a decline in muscle mass leading 
to sarcopenia, decreased functional capacity, decreased resting metabolic rate, increased 
adiposity and increased insulin resistance which is why resistance training may have a 
positive impact on the older population.  Petersen et al. (2005) also found further evidence 
that the effect of resistance exercise on insulin sensitivity lasts longer when there are greater 
increases in lean muscle mass.  In a systematic literature review by Kravitz and Mayo (2008) 
documented that exercise performed in water, waist to nipple height, resulted in the ability of 
the participants to move about in the water while generating enough force to effectively 
improve their strength.  The researchers provided evidence of a study conducted over an 
eight-week period in older women performing water aerobic exercises who gained greater 
muscular strength and endurance of the lower body than the upper body regions. 
 
Dunstan, Daly, Owen, Jolley, De Courten, Shaw and Zimett (2002) conducted a randomised 
study on 36 sedentary overweight men and woman with type II diabetes mellitus of the ages 
60-80 years for a six-month period of high-intensity resistance training or moderate weight 
loss plus flexibility exercise.  Dunstan et al. (2002) reported that a high-intensity resistance 
training programme of three days a week for six months was safe for older persons with type 
II diabetes mellitus and effective in improving glycaemic control and muscle strength.  
Dunstan et al. (2002) reported that resistance training and moderate weight loss aided in the 
decrease HbA1c levels.  The authors found other subsequent resistance training benefits, 
 45
such as improved bone density, muscle mass, strength, balance and overall capacity for 
physical activity.   
 
The benefits of flexibility exercises as part of the hydrotherapy intervention are said to 
improve range of motion (ROM), particularly when performed in water, as water decreases 
the effect of gravity making muscle relaxation more easily obtainable during stretching 
(Resende, Rassi & Viana, 2008).  Sigal et al. (2004) propose that flexibility exercise is 
recommended as a means of increasing range of motion (ROM) in older persons with type II 
diabetes mellitus.  Although this may be true, Sigal et al. (2004) suggest that there is no 
evidence that flexibility exercises affect metabolic control or quality of life.  However, patients 
with neuropathic foot ulcertation history have shown improved plantar foot flexibility and lower 
ankle joint flexibility.  According to Kravitz and Mayo (2008), a small number of studies have 
shown improvement in flexibility while participants took part in shallow water exercise 
routines.   
 
Continued participation in hydrotherapy may be due to enhanced ability to perform activities 
without the risk of falling.  This may also aid in decreasing pain symptoms of aching joints due 
to the warmth of the water and the massaging effect of the water on the body while moving 
about in it.   
 
2.9.5 Evaluation of Persons with Diabetes before Exercise Programming 
Sigal et al. (2004) proposed that a person with diabetes should be assessed for conditions 
that might contraindicate certain exercises, while considering the person’s previous physical 
activity level before continuing with an exercise programme.  Earle and Baechle (2004:513) 
recommend that persons with diabetes should go through a screening process consisting of a 
medical evaluation that assesses persons with diabetes for possible complications 
exacerbated by exercise, thus monitoring their glycaemic control was important.  Sigal et al. 
(2004) recommend that all persons with diabetes aged above 35 years, and all persons with 
diabetes and the presence of cardiovascular disease (CVD) risk factors and over the age of 
25 years, should have a stress ECG test done before any exercise is commenced.  Sigal et 
al. (2004) suggest that persons who are type II diabetics, and who have had CVD risk factors 
for more than fifteen years, such as hypertension, dyslipidemia, smoking, proliferative 
retinopathy, nephropathy, peripheral vascular disease or autonomic neuropathy should have 
medical clearance before commencing with exercise.   
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Sigal et al. (2004) suggest that maximal exercise testing can provide useful information 
regarding maximal heart rate and blood pressure responses to different exercise levels, the 
initial performance status of the individuals, and the prognosis of the individuals.  This is 
particularly useful when determining a person’s maximum heart rate or a percentage of the 
maximum heart rate.  Earle and Baechle (2004:513) support this finding by recommending 
that this may be done through a stress test while monitored by a professional.  Sigal et al. 
(2004) recommend that the Borg scale be used as an alternative to heart rate.  The Borg 
scale is known as the Rating of Perceived Exertion scale using targets based on maximal 
exercise testing.  Sigal et al. (2004) found a great deal of variability among individuals who 
used perceived exertion associated with performing the same exercise at the same 
objectively defined intensities.  However, the Borg scale proved to be the most appropriate 
means of measuring intensity among the population of this study, as most of the participants 
were on heart rate lowering medications and needed alternative means of measuring exercise 
intensity.   
 
Sigal et al. (2004) found that clinical evidence does not support any recommendations 
regarding which persons should have max stress tests and which persons should be tested 
according to a percentage of maximum heart rate, as benefits must be weighed against costs 
and risks.  The amount of maximum graded testing is financially high.  However, a stress test 
(maximum heart rate) is useful for the positive prediction of coronary ischemia.  Sigal et al. 
(2004) propose that in the absence of contraindications, maximal testing should be 
considered.   
 
2.9.6 Special Considerations for Persons with Diabetes Mellitus 
Precautions for any exercise programme for persons with type II diabetes mellitus would 
include a controlled environment.  This guideline is supported by Koury (1996:1) who states 
that: “water provides a controllable environment for re-education of weak muscles and skill 
development“.   
 
Further precautions, for persons performing group rehabilitation in water, include taking into 
account a person’s buoyancy in the water, which allows for exercises to be performed 
independently during aquatic therapy.  For this reason, participants can take greater 
responsibility for their rehabilitation, making group sessions an option for some participants 
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(Koury, 1996:1).  Group exercises within water help establish camaraderie and compliance 
and may even dispel psychological feelings that may accompany a disease process, such as 
anger, isolation, depression or anxiety (Koury, 1996:1).  It is also recommended that a proper 
and adequate warm-up and cool-down be performed that includes stretching or strengthening 
exercises to ensure adequate muscular and joint movements.   
 
According to the ACSM (2006:210-211), special considerations should be kept in mind when 
working with persons with diabetes mellitus and the elderly.  These considerations include the 
fact that hyperglycemia is common to diabetics, thus symptoms such as blurred vision should 
be closely monitored.  Older persons with diabetes mellitus must be in glycemic control before 
entering an exercise regime; diabetic persons must be supervised continuously while 
exercising (this also applies to the elderly, as balance is of concern); blood glucose must be 
monitored continuously before, during (if necessary) and after exercise; vigorous jerking 
motions should be avoided to prevent retinal detachment and vitreous hemorrhage 
(hydrotherapy is gentle on the joints and jerking motions are eliminated); for persons with 
diabetes mellitus that have peripheral neuropathy, special precautions need to be taken to not 
strain the feet, and weight-bearing exercises should be limited; a late onset of hypoglycemia 
can occur up to 48 hours following exercise; if fasting glucose is > 250 mg/dl activity should 
be avoided; and when exercising later in the evenings an increased consumption of 
carbohydrates may be required to minimise hypoglycemia when resting at night, after the 
activity.   
 
2.10 SUMMARY 
Type II diabetes mellitus is a chronic metabolic disease characterised by an absolute or 
relative deficiency of insulin that results in hyperglycaemia (Hornsby & Albright, 2003:133).  It 
is a heterogeneous disorder characterised by varying degrees of insulin resistance and insulin 
deficiency, which leads to a disturbance in glucose homeostasis (Patel 2003:2).  Kriska’s 
study (2000:47) states that evidence is becoming more conclusive that in many population 
groups, physical activity plays a significant role in the prevention of type II diabetes mellitus.  
 
Glaser (2007) defines type II diabetes mellitus as being a metabolic disease of increasing 
incidence worldwide.  Kenny (2006) describes type II diabetes mellitus as a disease affecting 
carbohydrate metabolism that involves insulin resistance and the exhaustion of beta-cells 
within the pancreas.  Persons diagnosed with type II diabetes mellitus are encouraged to 
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make lifestyle changes through a series of events that include weight control and engagement 
in physical activity or exercise on a regular basis.   
 
According to Durstine and Moore (2003:135), the management modality chosen for the 
intervention of diabetes mellitus depends on a number of factors such as the type of diabetes, 
the severity of complications and the person’s blood glucose goals.   
 
In treating type I diabetes mellitus, the best solution would be insulin therapy.  However, with 
the treatment of type II diabetes mellitus, a more conservative approach may be taken such 
as patient education regarding lifestyle changes that incorporate exercise and weight-loss, if 
the person is overweight or obese.  Guyton and Hall (2006:976) strongly advocate dieting and 
exercising in an attempt to encourage weight loss as a treatment approach for persons with 
type II diabetes mellitus.  Durstine and Moore (2003:135) support the exercise approach, 
however, the authors suggest that medicinal assistance should be used.  This includes 
glucose-lowering agents, ACE inhibitors, lipid-lowering agents, antihypertensive agents and 
pain medications.  Guyton and Hall (2006:976) proposes that only when exercise and diet as 
a mechanism of treatment of type II diabetes mellitus fail, then oral medication may need to 
be administered to increase insulin sensitivity or to increase insulin production activity of the 
pancreas.  Hurley and Roth (2000) support Guyton and Hall that improvements in glucose 
metabolism is dependent on reductions in body fat and increases in VO2max for which 
aerobic exercise training should be recommended for improving glucose homeostasis.   
  
The exercise programme intervention may be affected by many variables relating to exercise 
and, particularly, in the medium of water.  However, exercise training can affect all aspects of 
diabetes mellitus management and, according to Bjorgaas et al. (2004), physical activity 
improves glucose tolerance in persons with type II diabetes mellitus that attenuates the risk of 
cardiovascular disease.  Sigal et al. (2004) found that the effect of exercise on insulin 
sensitivity of a single bout of aerobic exercise lasts 24-72 hours, depending on the duration 
and intensity of the exercise. 
 
It is also important to remember that when prescribing an exercise programme as a means of 
intervention for persons with type II diabetes mellitus, the chronic physiological effects of 
exercise occur over a long duration of time and is accumulative.  Hence, long-term exercise 
goals should be set when addressing exercise intervention.  Hydrotherapy has been 
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recommended by Ford-Martin and Frey (2005:1) as they define hydrotherapy as the use of 
water to create an environment for persons to relieve discomforts and promote physical well-
being.  It is believed that hydrotherapy can soothe sore joints, rehabilitate injured limbs, lower 
fevers with cooler water temperatures, soothe headaches, aid in relaxation.  
 
According to Koury (1996:71, 73, 75), the health-related fitness components of performing 
exercises in water are muscle strength, muscular endurance, balance, co-ordination and 
cardiovascular conditioning.  Batty et al. (2002) state that participation in physical activity has 
a normalising effect on coronary heart disease (CHD), and decreases body weight in 
individuals with type II diabetes mellitus.  Furthermore, participation in physical activity has 
been shown to have a normalising effect on other CHD risk factors, body mass index, fat 
distribution, blood pressure, blood lipid profiles and cardiorespiratory fitness (Batty et al., 
2002).   
 
Buoyancy of water supports weak joints by providing assistance and progressive resistance 
to movement in water, while hydrostatic pressure assists with the stabilisation of weak joints, 
decreases edema and improves circulation (Koury, 1996:2).  Improved circulation via 
hydrostatic pressure and temperature of water accelerates healing, thus improving muscle 
function and strength.  This is achieved by improving nutrition to areas where needed and, in 
addition, heated water encourages soft tissues to relax and reduces pain (Koury, 1996:2).  It 
is for the abovementioned reasons that hydrotherapy should prove to be an ideal mode of 
training for the older person with diabetes mellitus type II. 
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CHAPTER THREE 
RESEARCH DESIGN AND METHODOLOGY 
 
3.1 INTRODUCTION 
The purpose of this study was to determine the effects of group hydrotherapy sessions on the 
selected health-related fitness variables of blood glucose levels, anthropometrical profile, 
body mass, body height, body mass index, waist circumference, hip circumference, waist-to-
hip ratio, upper body flexibility, lower body flexibility, upper body and lower body muscular 
strength and endurance, as well as aerobic endurance in older women who have been 
clinically diagnosed with type II diabetes mellitus.  The research was quantitative in nature 
and employed an explorative and descriptive design. 
 
3.2 RESEARCH DESIGN 
A quasi-experimental research design was followed as the nature of this research required 
application in the field of Biokinetics and Exercise Science and contributed to the repertoire of 
knowledge of biokineticists.  Thomas and Nelson (1990:312, 318) state that the purpose of a 
quasi-experimental design is to fit the circumstances of the so called “real world”, while 
controlling as many threats to internal validity as possible.  This design is often used when it 
is too difficult or impossible to use true experimental designs or when a true experimental 
design significantly limits external validity. 
 
This study used a comparison group of pre-test and post-test experimental design.  According 
to Bless and Higson-Smith (1995:480), the pre-test and post-test intervention assessment 
battery is administered for insight into a particular area of interest, a situation or a 
phenomenon.  The rationale for comparison experimental design led the researcher to 
utilising the pre-test and post-test intervention assessment battery appropriate methodological 
design.   
 
Data was gathered utilising the match-pair design, as it was difficult to match-pair blood sugar 
levels in order to place participants into either the control or the experimental group.  The 
experimental group underwent a twelve-week hydrotherapy intervention programme while the 
control group did not undergo hydrotherapy.   
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Descriptive and inferential statistical techniques were used (pared t-test) as a means of data 
analysis and data interpretation.  The practical significance of the data was determined by 
means of Cohen’s D-test. 
 
3.3 DEPENDENT VARIABLES 
Coronary heart disease (CHD) risk factor stratification, as part of the health risk screening, 
was done prior to testing to reinsert medical clearance.  The health risk screening 
questionnaire consisted of the medical history of coronary heart disease, high blood pressure, 
high cholesterol, current cigarette smoking, asthma, emphysema or bronchitis and thyroid 
problems (ACSM, 2006:21-22).   
 
The analysis of dependent variable included age (years) and blood glucose levels (mmol/L).  
The anthropometric profile analysis included body mass (kg), waist circumference (cm), hip 
circumference (cm), and waist-to-hip ratio, body mass index (BMI).  Flexibility was analysed 
using upper body, lower body and isolated hip joint tests (cm/ º).  Muscular strength and 
endurance (kg) were included. These consisted of grip strength and upper body and lower 
body ability (kg/30sec).  Aerobic fitness was measured by means of aerobic endurance using 
a graded exercise (physical work capacity test) consisting of the six-minute walk test 
(m·b·min-1).   
 
3.4 PARTICIPANTS 
A total of 16 female senior (50 to 70 years) participants voluntarily took part in the study.  A 
quasi-experimental technique was used to match pair participants into either an experimental 
or control group.  According to Meyers (1998:114), this type of quasi-randomised technique 
minimises differences that may exist between the experimental and control group prior to the 
intervention.   
 
After completion of the pre-assessment battery of tests, consisting of the selected physical 
fitness variables, each participant was assigned a composite overall score.  The participants 
were then matched-paired and randomly placed into either the experimental (N=9) or control 
(N=7) group.  The study originally started with a sample of 20 participants, ten participants 
within each group.  After the first phase of testing a participant form the experimental group 
attained an injury preventing her from continuing the study, and three participants form the 
control group either moved city to be with family or were away on vacation during the of final 
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phase of data collection.  This method of placement assured that both groups consisted of 
participants of similar physical fitness status.  The aim was to ensure that all extraneous 
variables were controlled in the most appropriate way (De Vos, Strydom, Fouché & Delport, 
2002:143). 
 
3.5 INCLUSION AND EXCLUSION CRITERIA  
3.5.1 Inclusion Criteria  
Inclusion criteria for participants included age and gender: participants had to be over the age 
of 45 years and women only.  The rationale for employing this criterion was guided by authors 
Earle and Baechle (2004:467) who proposed that persons in this age category are referred to 
as senior or older adults.  Similarly Nowak and Handford (2000:446) reported that the maturity 
onset of diabetes mellitus is normally only diagnosed past the age of 40 years in most cases 
although other literature mentions above the age of 30 years.   
 
The diagnostic criteria for non-insulin dependent diabetes mellitus (type II diabetes mellitus) 
as reported by Batty, Shipley, Marmot and Smith (2002) were adhered to as the inclusion 
criterion for this study.  The authors stated that blood glucose levels of ≥ 11.1 mmol·L-1 (≥ 
200mg/dl-1) two hours after the glucose load (ingestion of 75 g carbohydrates) as a means of 
diagnoses through a finger prick (using an Accutrend device) method on two or more 
separate occasions was indicative of the diagnosis of type II diabetes mellitus.  Thompson 
(2003:322) suggested that physicians diagnose type II diabetes mellitus via fasting plasma 
glucose of ≥ 7.0 mmol·L-1 (which is 126 mg/dl) on two separate tests, and symptoms of 
diabetes mellitus, such as unusual thirst, frequent urination and unexplained weight loss, 
contribute to the diagnoses.  The aforementioned criteria for diagnosing type II diabetes 
mellitus served as participant inclusion criteria.   
 
3.5.2 Exclusion Criteria  
The exclusion criteria of this study pertained to participants who had contra-indications to 
hydrotherapy.  As a result, the following vulnerable persons were excluded from the study 
because of their unsuitability to the study: 
 
Male individuals and those who were younger than 45 years of age, since this age is 
related to the onset of type II diabetes mellitus according to Florence and Yeager 
(1999).  Type II diabetes mellitus is maturity onset diabetes.   
 53
 
Persons who had had recent serious cardiac surgery and had not been cleared by 
their cardiologist were not permitted to participate in the study, as they would have 
been stratified as high risk for cardiovascular disease.   
 
Persons with fractures of the axial skeleton or recent orthopaedic surgery, such as 
joint replacements or metal pin implants who did not have clearance from their 
physicians (were not permitted to participate in the study) as the risk of complications 
during physical activity were considered high.   
 
Persons who had chronic conditions such as severe epilepsy were advised not to 
participate in the study.  This was recommended as water poses a great hazard to 
persons with chronic neurological conditions, such as epilepsy, if they had a seizure 
while in the water.  The risk of drowning was considered to be too high.   
 
Persons who were involved in any other training programme were excluded from 
participating, as the validity of the study would be affected and the true outcome of 
the hydrotherapy would not be reflected accurately.   
 
Persons who had open wounds were also excluded, as their predisposition for 
infection would have been enhanced.   
 
Finally, participants with amputations were excluded from the study, as their range of 
motion and mobility would have been affected.   
 
3.6 SAMPLING METHOD  
Participants were identified through convenience sampling and snowball sampling.  De Vos et 
al. (2002:207) stated that convenience sampling is the inclusion of any case that happens to 
cross the researcher’s path and is relevant to the study sample until the desired number of 
participants have been obtained.  Furthermore snowball sampling was used.  De Vos et al. 
(2002:208) stated that snowballing involves approaching a single case that involves the 
desired phenomenon to gain similar persons for the study at hand.  This method was 
achieved through word of mouth.  It was found that snowball sampling occurred as 
participants forwarded the names of friends who fulfilled the inclusion criteria to join the study.   
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Letters explaining the aim and objectives and method of the intervention of the study were 
sent to medical physicians in the Nelson Mandela Metropole (See appendix A).  The letters 
were followed up by means of telephonic discussions.  This method produced few 
respondents, so another marketing strategy was used by placing an advertisement on the 
Nelson Mandela Metropolitan University Intranet and an e-mail was sent to all NMMU staff, 
inviting them to participate in the study on a voluntary base.  It was stipulated that the classes 
offered were for older woman (50 to 70 years) with type II diabetes mellitus and involved 
hydrotherapy sessions three times a week for 12 consecutive weeks (See appendix B).   
 
3.7 MEASURING PROTOCOLS   
This section will address the dependent variables, protocols and instruments used to evaluate 
the participants prior to matching them into either the experimental or control group, based on 
a summation of scores (data obtained from the test battery, which is calculated into mean 
scores for further analysis) obtained from the health-related fitness components during the 
pre-test and post-test assessments.   
 
Prior to completing the physical activity readiness questionnaire (PAR-Q) forms (Appendix D), 
the participants were requested to complete information sheets and a consent form (appendix 
C), which stipulated all the relevant information the participants needed to know and 
emphasised that participation in this study was strictly voluntary.  The test batteries used the 
YMCA protocol and were performed at both the pre-test and post-test evaluations at the 
Nelson Mandela Metropolitan University (NMMU) Biokinetics and Sports Science Unit where 
the equipment used during the testing was stored, thereby increasing the reliability of the 
testing.  Before testing, the researcher and the researcher’s assistant retrieved training from 
the university at the Biokinetics and Sports Science Unit as part of their curriculum.  The 
researcher and assistant were human movement science graduate and student. 
 
3.7.1 The Physical Activity Readiness Questionnaire (PAR-Q)  
The participants were escorted into the examination room where they were given privacy to 
complete the questionnaire.  They were seated at an examination table and they filled out the 
PAR-Q forms.  A black pen was handed to the participant by the examiner (the biokineticist 
researcher) to answer the questions on the form while seated at the table.  The researcher 
was present at all times to answer any questions the participant needed answered.   
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The PAR-Q consisted of a coronary heart disease (CHD) risk factor stratification containing 
questions on heart disease, high blood pressure, high cholesterol, current cigarette smoking, 
asthma, emphysema or bronchitis and thyroid problems.  These were used as a means of 
screening and were also included as a screening tool.  The PAR-Q was filled in by the 
participants before any testing took place (appendix D).   
 
Once the PAR-Q was filled in by the participant, the researcher explained to the participant 
what tests were to be conducted as part of the fitness battery which consisted of seven 
health-related physical fitness parameters during the pre-testing and post-testing procedures 
(appendix E).  The researcher was a qualified biokineticist whom is registered with the Health 
Professions of South African.  These parameters consisted of blood glucose levels, 
anthropometric profile, isolated hip joint flexibility, upper and lower body flexibility, grip 
strength, upper body and lower body muscular strength and endurance as well as aerobic 
endurance (capacity).  Although the participants were classified as high-risk, they all received 
clearance from their doctors, whom referred the participants to the researcher.  The doctors 
were aware of the tests being performed by the participants and permission was granted.   
 
3.7.2 Blood Glucose Analysis 
Blood glucose level testing consists of using a person’s drop of blood obtained through a 
finger prick taken by the examiner while the participant remains seated at the table.  The 
ACSM (2006:210) suggested that blood glucose levels of persons with type II diabetes 
mellitus be monitored prior to exercise testing and following the exercise testing.  This 
recommendation guided the researcher to employ blood glucose testing procedures before 
testing commenced during the pre-testing and post-testing phases.   
 
Therefore this procedure was performed directly after the PAR-Q, while the participant was 
still seated at the examination table.  The examiner used disposal surgical latex gloves when 
performing the finger pricking procedure and once the procedure was completed, the lancet 
devices, glucose testing strips, swabs and gloves were disposed of in a sharps bin (a yellow 
bin that has a lid that seals off its contents, it has red writing on it stating “WARNING”).  This 
is the box used to dispose of any sharp objects and contaminated instraments.  The examiner 
prepared the glucometer (machine used to measure the blood glucose level).  The examiner 
took hold of the participant’s ring finger (for standardisation) and pricked the finger tip using 
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an Accutrend lancet device (pen-like device).  The examiner then gently milked the finger until 
a drop of blood was formed and dropped onto a glucose testing strip.  The strip was placed in 
the glucometer prior to finger pricking for preparation.  Once the blood was placed on the 
glucose testing strip, the glucometer gave a reading.  This reading was recorded as the blood 
glucose level reading for the testing. 
 
The recommended apparatus of use was the glucose testing kit similar to the Accu Check Go 
System.  This system consisted of the glucometer known as the Accu Check Active System 
which supplies the person with his or her blood sugar reading instantly.  The glucometer is 
stored with a licensed first aid healthcare profession at the Health Science department of the 
Nelson Mandela Metropolitan University. This person regularly sends the testing kits to be 
serviced, as to provide the Biokinetics and Sports Science Unit at the university with a more 
reliable means of testing the patients that use the facility.  Glucose testing strips called Accu 
Check Active Test Strips were used to place the drop of blood on one end of the strip while 
the other end of the strip containing a microchip was placed in the glucometer for reading.  
The kit also contained an Accu Check Softclix Lancet Device.  This device is a pen-like 
structure containing a lancet which very quickly pierces the skin when a button at the back of 
the pen is depressed.  The apparatus mentioned above is illustrated in appendix F.   
 
3.7.3 Anthropometric Measures 
The following anthropometric measurements were taken according to ACSM standardised 
procedures (ACSM, 2006): 
 
3.7.3.1 Body Mass 
A participant’s body weight is the amount of force exerted on the body via gravity (Foss & 
Keteyian, 1998:610).  The participants were required to stand facing forward with their heads 
in the Frankfort plane on the scale, barefoot and wearing minimal clothing, as stipulated by 
Jackson and Pollock (1985:82).  The examiner then recorded three separate measurements 
and the mean was used as the final score for the weight component.  This was measured 
using a digital electronic scale to the nearest 0.1kg.  This scale was the Electronic Platform 
Scale model JPS-1050, code 2129673, purchased form Scale Master.   
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3.7.3.2 Height  
 Height is the measurement of the participant’s body length from the sole of the feet to the 
vertex of the head.  The participants stood with their feet firmly on the base of the stadiometer 
with their backs straight up against the spine of the board and the heads in the Frankfort 
plane.  The measuring tape was lowered as the participants exhaled slowly after deep 
inspiration (as instructed to do so by the tester) until the counter board rested on the vertex of 
the participants’ heads.  The reading was taken three times and the average score was used 
as the height measurement.  The height was measured in centimetres and converted into 
metres for means of calculating body mass index.   
 
The above mentioned equipment was utilised for pre-test and post-test data collection, this 
was to ensure that the reliability of the testing measures was ensured.   
 
3.7.3.3 Body Mass Index (BMI)  
Body mass index (BMI) is the measurement of the size of the participant in relation to his or 
her height (Foss & Keteyian, 1998:597). The BMI was calculated as weight divided by height 
squared (kg/m2) as proposed by Jackson and Pollock (1985:82).   
 
3.7.3.4 Waist Circumference and Hip Circumference  
The waist circumference technique as identified by Norton and Olds (1996:52-60) allows for 
the measurement of the waist circumference to the nearest millimetre of the narrowest point 
between the lower costal rib border and the iliac crest.  The measurement is taken at normal 
expiration with the arms relaxed at the participant’s side.   
 
The hip circumference is the circumference around the maximum circumference of the hip 
and buttock area of the participant’s body.  The hip circumference was measured over the 
greatest section of the hips and gluteal muscles.  The measurement was taken at the level of 
the buttocks which usually corresponds anteriorly to about the level of the symphysis pubis 
(Norton & Olds, 1996:52-60).   
 
To allow for reliability of the collected data a Rosscraft steel measuring tape was utilised with 
the procedure being repeated three times and the average of the scores were documented as 
the final score.   
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3.7.3.5 Waist-to-Hip Ratio  
The waist-to-hip ratio is a calculation that is used to predict if a person is overweight and at 
risk of developing CHD.  The waist-to-hip ratio is the measurement of the circumferences 
around the participant’s trunk and hips.  According to Thompson (2003:109), the waist-to-hip 
ratio is a popular and commonly used girth measurement in clinical applications and this ratio 
is mostly used to determine abdominal fat deposition as it is a CHD risk factor.   
 
3.7.4 Flexibility  
According to the ACSM (2006:85), flexibility is the ability to move a joint through the full range 
of motion (ROM) and is important for the ability to carry out activities of daily living.  The study 
refers to ROM as joint flexibility in some of the tests.  The following flexibility tests were 
conducted in order to obtain total body flexibility, as there is no single flexibility test to 
evaluate total body flexibility, according to the ACSM (2006:85).  Flexibility of the upper body, 
lower body and hip joint was measured using a goniometer consisting of two steel arms to 
measure the angle of displacement through the ROM of the measured joint angle.  It is 
recommended by the ACSM (2006:85) that participants warm-up the muscles surrounding the 
specific joints being tested as to decrease discomfort during testing.  This was obtained by 
placing the participant on an exercise cycle ergometer for 2 minutes.   
 
3.7.4.1 Upper Body Flexibility 
Rikle and Jones (2003:300) recommended the back scratch test for senior individuals to be 
used to test the general flexibility of the participant’s upper body.  The protocol that these 
authors’ suggest for carrying out the test suggests that the distance between the middle 
fingers was measured as the participant reached with one hand over the shoulder and the 
other hand was extended behind and up the back.  
 
3.7.4.2 Lower Body Flexibility  
Chair-sit-and-reach was a method used to measure the capability of the participant for 
general lower body flexibility.  Rikle and Jones (2003:300) suggested this method of 
functional flexibility testing for older persons.  The participants sat on a chair with their legs 
extended with feet together.  The participants then reached forward for their toes as far as 
they could reach while the examiner measured the distance between the finger tips and toe 
tips.  This procedure was repeated three times, and the mean of the three scores was 
recorded.  The rationale for selecting the sit-and-reach test as a measure of lower body 
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flexibility assessment is that flexibility decreases with age and can play a role in fall-related 
injuries.    
 
3.7.4.3 Hip Joint Flexibility  
Hamstring flexibility was assessed using the protocol proposed by Kendall McCreary, 
Provance, Rodgers and Romani (2005:383).  While the participant lay supine on an 
examining table, the post-graduate biokinetics intern assisting the researcher lifted the leg 
being measured and supported the knee to prevent flexion of the lower back and sacrum.  
The examiner placed the goniometer at the axis of rotation of the leg (which is the greater 
trochanter of the femur).  The stationary arm of the goniometer was place in line with the 
lateral midline of the pelvis, while the moving arm was placed on the lateral midline of the 
femur, using the lateral epicondyle as a reference.  The participant raised the leg up straight 
with the foot in a relaxed position.  The angle of displacement from the horizontal was 
measured using a 360̊ degrees stainless steel goniometer that features one 360̊ degrees and 
two 180̊ degrees scales that read in opposite directions.  The norm for hamstring flexibility, 
according to the ACSM (2006:87), for health-related physical fitness is 90̊ to 135̊ degrees for 
older females.   
 
All the above evaluation methods were repeated three times for accuracy, and the mean of 
three scores was used as the final score for each of the measured joint angles.  The assistant 
was further trained by the researcher and examiner to assist with the procedures so that the 
same procedures were followed throughout the study pre-testing and post-testing period to 
ensure internal validity and reliability of the assessment measures.  Reliability was enhanced 
by using the same testers during both pre-test and post-test assessments. 
 
3.7.5 Muscular Strength  
Muscular strength is the ability of the muscle to generate power.  Muscular strength is one of 
the components of physical fitness relating to persons with diabetes mellitus.  According to 
Durstine and Moore (2003:137), strength testing for exercise by means of isokinetic and 
isotonic methods may be used as a measure of testing prescription for persons with diabetes.  
Before testing began, the researched explained to each participant the procedures to be 
performed for each test.  The researcher also gave a demonstration of how to perform the 
tests. 
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3.7.5.1 Grip Strength 
In this study grip strength was measured by means of a Takei Physical Fitness Test hand grip 
dynamometer (appendix G) to determine absolute grip strength.  Hoeger and Hoeger 
(2010:199, 200) stated that grip strength is a rough estimate of total upper body strength, 
used when testing older persons or when time limitation is a factor.  Grip strength, however, 
has been shown to have a weak correlation with overall body strength.  The reason for 
selecting this particular test is due to time constraints and the dynamics of the population, as 
the population being examined are older women who have been diagnosed with a metabolic 
disease such as diabetes mellitus.   
 
Powers and Howley (2001:294) indicated that when force is applied to the dynamometer in a 
hand squeezing motion, the levers of the dynamometer move a steel spring which is 
compressed, and a digital number appears on a screen, thus providing the evaluator with a 
value indicating the individual’s grip strength.  The participants stood in an easy up-right 
standing stance with their feet shoulder-width apart, while holding the dynamometer in one 
hand with their arm extended out at the shoulder in a slightly abducted position.  On the 
command of the examiner, the participants squeezed the handle of the dynamometer with 
maximal effort.  The procedure was repeated three times and the best grip strength score out 
of the three trials was recorded.  This was repeated for both hands and the means of both 
hand grips were recorded as the final score for grip strength. 
 
3.7.6 Muscular Strength and Endurance  
According to the ACSM (2006:95), functional testing is a useful means to determine functional 
capacity.  The information derived from this particular form of testing may be used for 
exercise prescription, a return to work strategy, disability assessment and to help estimate 
prognosis (ACSM, 2006:95).  The following tests were conducted to assess functional 
capacity (muscular strength and endurance): 
 
3.7.6.1 Upper Body Strength and Endurance – Thirty Seconde Biceps Curls 
The thirty-seconds biceps curls test using 2,5kg dumb-bells was used to assess upper body 
strength and endurance.  A metal frame examination chair was used for this test (see 
appendix H).  The chair is a light–weight stackable steel frame chair with a height of 31 cm, 
17 cm wide and 23.25 inches deep. The same chair was used for all participants at the pre-
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test and post-test assessment phases.  The chair was used for all the tests conducted which 
required the use of a chair   
 
The participant sat upright in the chair while holding a 2.5 kg dumb-bell in one hand.  The 
participant then performed as many bicep curls as possible within the 30 second with each 
arm.  The weight was lifted to full flexion of the arm and lowered to full extension of the arm.  
This was done while the examiner timed the participant using a stop watch, following the 
protocol stipulated by Rikle and Jones (2003:300).  The same procedure was used for both 
arms, the scores were calculated and the average of the two scores was used as the final 
score.  This procedure was used to assess the participant’s upper body muscle strength and 
endurance.   
 
3.7.6.2 Lower Body Strength and Endurance - Thirty Seconds Sit and Stand 
The thirty seconds sit-and-stand measure was used to assess lower body muscular strength 
and endurance.  Participants started the test seated in the examination chair waiting for the 
starting signal from the examiner to prompt the commencement of the test.  This involved 
standing straight up without the use of their hands (crossed over their chest) and sat down 
with their full buttocks on the chair.  This procedure was repeated for 30 seconds (Rikle & 
Jones, 2003:300).  The number of correct completed movement patterns was recorded as the 
score achieved for this component.  During execution of the test, the researcher assistant 
supported the chair by holding it in place.  This was to ensure that the participant did not 
bump the chair out of the way while performing the exercise.  The researcher assistant also 
made sure that the participant did not stumble or miss-judge the chair during testing by 
guiding the participant into the chair and out the chair.   
 
3.7.7 Aerobic Endurance  
The ACSM (2006:66) stipulated that aerobic endurance is the measure of cardiorespiratory 
fitness, and that this health-related fitness component is the ability to perform dynamic 
movements engaging at least 60 percent of the large muscle mass and being of a moderate 
to high exercise intensity performed for prolonged periods.  One of the methods of evaluating 
this fitness variable is by means of a field test, such as the six-minute walk test, which is 
appropriate for older sedentary individuals or individuals at increased risk of cardiovascular 
disease and with musculoskeletal complications, such as those with diabetes (ACSM, 
2006:68; Rikle & Jones, 2003:300).  Bayles (2003:160) recommended that the six-minute 
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walk test is a good means of measuring the progress in the aerobic endurance component of 
exercise programmes.  The test was performed by measuring the number of meters the 
participant walked in six minutes around a 50 meter course (rectangular in diameter) divided 
into five meter intervals marked by beacons.   
 
A heart rate of 85% maximum was calculated according to the participants’ chronological age 
before the aerobic testing commenced, as a means of reference to the amount of effort 
exerted during the walk.  After the beacons were laid out in the appropriate positions, the 
signal was given by the examiner to start and the participants started walking from a 
designated beacon around the course.  The participants were equipped with polar heart rate 
monitors to ensure that they did not overexert themselves.  Although many of the participants 
were on some form of heart medication or beta blockers, this system still maintains an 
incremental increase in heart rate according to exertion.  The researcher ensured that there 
was continued communication with the participant making sure that the participant was able 
to continue with the test.   
 
3.8 THE HYDROTHERAPY INTERVENTION PROGRAMME  
The intervention programme lasted for twelve weeks.  According to the ACSM (2006:134), 
improvements in physical fitness follow the principles of overload and specificity.  The ACSM 
(2006:161) stated that aerobic exercise for older and frail adults can be performed three to 
five days a week, for five minutes to sixty minutes per session with intensity not being the 
main focus of the exercise intervention.  The specificity of the programme includes the 
principles of frequency, intensity, duration and mode: the interaction of these variables 
resulted in the cumulative training principle of overload (ACSM, 2006:135). 
 
The hydrotherapy intervention programme comprised four consecutive and progressive 
phases.  Each phase consisted of three weeks as seen in appendix I.  The hydrotherapy 
programme consisted of a warm-up, aerobic exercises, muscular strength and muscular 
endurance as well as flexibility exercises.   
 
The participants subjectively evaluated the intensity of the hydrotherapy sessions by rating 
their levels of perceived exertion by assigning a score that varied from six to twenty on the 
Borg scale, this scale is known as the 15 point scale.  The lower score referred to minimal or 
no exhaustion, whereas the higher end of the score spectrum indicated exhaustion.  
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Participants were observed throughout the exercise routine as a means of evaluating exercise 
intensity.  If a participant replied out of breath to questions posed, the intensity of the 
exercises were lowered appropriately. 
 
The intensity of the exercise programme was additionally measured objectively via monitoring 
the heart rate of three randomly selected participants wearing Polar heart rate monitors in 
each hydrotherapy session.  Due to financial constraints, the researcher had access to three 
Polar heart rate monitors only.  This was a means of education and reference to help 
participants understand how the RPE works for each individual.  The heart rate monitors were 
used by different participants at each session to ensure that the same participant did not set 
the intensity for the others.  By doing this, the participants realised their own cardiovascular 
capacity and limitations and learned how to use the RPE Borg scale more effectively.  As 
mentioned before, most of the participants were on some form of heart medication or beta 
blockers, thus the Borg scale became the main use of measuring exercise intensity.    
 
All training sessions were performed in a hydrotherapy pool, a square shallow indoor heated 
pool at the Nelson Mandela Metropolitan University Sports Centre at the south campus.  The 
average temperature of the water was 28̊ degrees Celsius, which ranged from 25 degrees to 
30 degrees Celsius.  The first phase consisted of nine training sessions spread over three 
weeks.  Each exercise session in this phase consisted of a half hour session of slow, but 
continuous movements (aerobic) with an intensity equivalent to a RPE of ten to twelve (40% 
to 50% predicted VO2 max) in the first week, increasing the intensity to a RPE of eleven to 
thirteen (45% to 60% predicted VO2 max) in the third week.  Regular rest periods of one to 
two minutes were given throughout the sessions.  The focus of the exercise programme was 
on upper and lower body muscle strengthening exercises followed by stretches.   
 
The second phase consisted of three weeks containing nine exercise sessions.  The intensity 
of these sessions ranged from thirteen to fifteen (60% to 70% predicted VO2 max) on the 
Borg scale.  The programme consisted of progression in the volume of training by decreasing 
the recovery period between exercises while adding an extra warm-up exercise, increasing 
the cool-down period by adding an extra lap around the pool and by adding one to two extra 
strengthening exercises.  The total duration of the sessions in this period increased from 
between 35 to 38 minutes a session.   
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The third phase consisted of three weeks of nine sessions.  The principles of progressive 
overload were adhered to by increasing the amount of exercises (two extra) to the 
programme and slightly increasing the speed at which the exercises were performed.  The 
intensity of these sessions ranged from fourteen to sixteen (65% to 75% predicted VO2 max) 
on the Borg scale.  The total duration of the sessions in this phase was between 38 to 45 
minutes a session.   
 
The fourth phase consisted of another nine sessions spread across three weeks.  The 
duration of these sessions was between 45 to 55 minutes and included two to three extra 
exercises, and subsequent increase to a RPE rating of fourteen to seventeen (65% to 80% 
predicted VO2 max).   
 
The sessions were conducted by the researcher and a trained biokineticist assistant.  The 
assistant biokineticist was trained by the tester in all methods of assessment and testing 
procedures prior to the onset of the pre-test assessment phase.  All participants were tested 
the week prior to the commencement of the hydrotherapy programme for the pre-test 
assessment and within five days of the last exercise session in the completion of the 
intervention programme for the post-test assessment.  Compliance to the study by the 
participants was monitored with an attendance register, which the participants had to sign on 
each date the exercises were performed before climbing into the water.   
 
3.9 DATA ANALYSIS 
The data was analysed using descriptive statistics with the use of a statistician, whom used a 
technique utilising raw data to produce a logical understanding of the raw data to form 
information that was used as data (Gravetter & Wallnua, 1995:62).  The dependant variables 
were gathered as raw data and converted into parameters for testing protocols.  The raw data 
was analysed as means, standard deviations, medians, minimum and maximum values.  
Descriptive statistics is a form of data analysis which uses data to summarise, simplify and 
organise data collected from testing to produce more logical and manageable information 
(Gravetter & Wallnua, 2005:5-6).   
 
The statistical significance of the mean difference in the form of the p-value was analysed for 
each of the variables within a 95% confidence interval.  Post hoc analysis in the form of t-tests 
was done to determine whether differences existed between the two groups.  Winer (1990:49) 
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states that post hoc analysis be used to determine the differences between selected variables 
that may exist between an exercise group and a control group.   
  
According to Bless and Higson-Smith (1995:480), Cohen’s D test is the comparison between 
two test groups (the experimental group and control group) of quantitative data.  According to 
Gravetter and Wallnua (2005:327), Cohen’s D test is a commonly used statistical technique 
that allows researchers to determine whether differences exist among population means 
when the mean population is not large enough for analysis of variance (ANOVA).   
 
3.10 ETHICAL CONSIDERATIONS 
Ethical clearance from the Research Ethics Committee (Human) of the Nelson Mandela 
Metropolitan University was granted without a reference number required in order to recruit 
the participants, as the Research Ethics Committee felt the study did not need special 
clearance to continue.  Once the participants were recruited, the testing began.   
 
All participants signed an informed consent form (Appendix D) at the beginning of the 
consultation.  This was necessary to clarify that the exercise protocols, test procedures and 
exercise programme that were to be performed were understood.  A copy of the consent form 
was given to the participants.   
 
Participants were informed that the study was to determine the effects of a group 
hydrotherapy intervention programme on older women diagnosed with type II diabetes 
mellitus.  It was explained that the duration of the intervention was twelve weeks long, 
excluding the relevant testing prior to and after the completion of the intervention programme.  
It was made clear to all participants that foreseeable risks and discomforts, such as muscle 
fatigue, might be resultant from participation in the study.  These risks or discomforts may 
occur during the testing or programme intervention.   
 
The possible benefits of the study were also explained to the participants during the first 
consultation.  These benefits included possible improvement in regulation of blood glucose 
levels, an improved anthropometrical profile, increased flexibility, increased muscular strength 
and endurance and improved aerobic endurance.   
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It was also explained to all participants that the results of the study might possibly be 
published, and that no participant’s name or identity would be revealed.  Participants were 
ensured that participation would be anonymous, and data obtained by the researcher would 
be handled by the researcher only.  Any questions the participants had concerning the 
research or pertaining to participation in the study were answered. 
 
3.11 LIMITATIONS OF THE STUDY 
Owing to the cost involved in laboratory testing of fasting blood glucose levels, the finger prick 
method of assessment was used to determine blood glucose levels.  Because of the lengthy 
procedure of the assessment protocol used to assess the battery of tests, only selected 
health-related fitness and functional variables were measured.  This limited the extent of other 
potential fitness and functional variables from being included.   
 
Other limitations due to financial constraints were the subjective measurement of the intensity 
of the hydrotherapy intervention programme by using the Borg RPE scale.  It is recommended 
that this study be replicated and that specific heart rate monitors be used to objectively 
measure the target training done during every exercise session.  Further limitations existed 
pertaining to the heterogeneity in the age ranges of the participants: a narrower age range 
from 50 to 55 years, 55 to 60 years, 60 to 65 years and 65 to 70 years could have been 
included in order to increase the population pool making the study more reliable.   
 
A randomised experimental design would be an ideal to strive for, but owing to limited 
availability and access to a small population group of older women clinically diagnosed with 
type II diabetes mellitus and being willing to adhere to a hydrotherapy intervention programme 
for twelve consecutive weeks, a quasi-experimental design utilising convenient sampling had 
to be used.   
 
The relatively small sample size renders generalisation of results ineffective and limits the 
discussion of results to indicate trends only.   
 
3.12 SUMMARY 
A quasi-experimental research design was employed as the nature of this research required 
application in the field of Biokinetics and Exercise Science.  The study took place over twelve 
weeks where a hydrotherapy method of training was used in older women diagnosed with 
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type II diabetes mellitus.  Selected health and physical fitness parameters were measured 
before and after the intervention to determine the impact of the group exercise programme.   
 
Participants were identified through convenience and snowball sampling and a match-paired 
design was used to divide the sixteen participants who were rank-ordered according to 
composite scores and subsequently placed into either an experimental (N=9) or control (N=7) 
group.  Pre-test and post-test analyses for all selected dependent variables were determined.  
Strict exclusion criteria were adhered to in the selection of the sample.   
 
The recommended ACSM guidelines for the fitness battery in elderly persons were used as 
measures of assessment during the pre-test and post-test phases of evaluation.  The 
experimental group performed their exercises in the heated pool of the NMMU Sports Centre 
on the south campus, where the intensity of the exercise sessions was monitored by using 
the Borg RPE scale.  The principle of progressive overload in the hydrotherapy intervention 
programme was implemented by increasing the speed and repetitions of the exercises, 
decreasing the rest intervals between exercises, and increasing the duration of the exercise 
sessions.   
 
The dependant variables considered were blood glucose levels, anthropometric profile, upper 
body and lower body flexibility, isolated hip joint flexibility, grip strength, upper body and lower 
body muscular strength and endurance and aerobic endurance.  Descriptive statistics yielded 
means and standard deviations for the selected dependant physical fitness components.  
Post hoc analysis in the form of paird t-test was used to determine the differences between 
the pre-test and post-test scores for the experimental and control group.  The practical 
significance was determined by the Cohen’s D statistic. 
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CHAPTER FOUR 
RESULTS 
4.1 INTRODUCTION 
Data related to exploring the effects of hydrotherapy on persons with type II diabetes mellitus 
was gathered from participants prior to, and after, a twelve-week hydrotherapy intervention 
programme and was subsequently processed to describe the impact of the programme on 
selected dependent health-related physical fitness parameters. 
 
The biographical dependent profile consisted of age (which may or may not change according 
to their birthdates) and blood glucose levels.  The anthropometric profile analysis included body 
mass, height, body mass index (BMI), waist circumference, hip circumference and waist-to-hip 
ratio.  The variables of the profile analysis was upper body and lower body flexibility, isolated 
hip joint flexibility, grip strength, upper body and lower body muscular strength and endurance 
as well as aerobic endurance (ability) were included in the study as recommended by the 
ACSM (2006:21-22).  Each of these parameters was tested at a 95% level of probability 
(p<0.05) as suggested by De Vos, Strydom, Fouché and Delport (2002:245).   
 
The results obtained throughout the study were reported as the means of the descriptive 
statistic measurements for the selected health related fitness parameters.  Descriptive data was 
used to interpret the information gathered into tabular form and graphic data and presented 
results in the form of a bar chart or line chart.  Several numerical measures were used in order 
to compute data related to the location, dispersion and association of each group.  The data 
was presented as means and standard deviations.  
 
T-tests were used to determine whether differences between the groups existed for the 
selected variables, and to determine whether these differences were significant.  In order to 
reinforce the significance of the results obtained at the pre-test stage and post-test stage, were 
compared using Cohen’s D’s tests and computed to indicate practical significance.   
 
The aim and objectives of the study should be supported by the data gathered for analysis.  
However, most of the data showed no significant results, although improvements in the health 
and fitness parameters were noted in the data, the improvements were not great enough to be 
significant.  The health and fitness parameters of the current study are discussed in a more 
descriptive manner as follows below. 
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4.2 BLOOD GLUCOSE 
The experimental group had a mean increase in blood glucose measurements from 6.51 
mmol·L-1  to 7.08 mmol·L-1  over the twelve-week intervention period.  In contrast to this finding, 
the control group had a mean decrease in blood glucose measurements from 9.58 mmol·L-1  to 
7.24 mmol·L-1  over the twelve weeks.  The experimental group attained a 0.57 increase in the 
mean blood glucose, while the control group achieved a 2.34 decrease in mean blood glucose.  
There was a statistically significant decrease in mean blood glucose (p<0.05) after the twelve-
week hydrotherapy intervention programme.  Table 1 reflects the descriptive data of the mean 
blood glucose levels:  
 
Table 1: Descriptive Data of Blood Glucose  
 
  CONTROL GROUPS EXPERIMENT GROUPS 
  
PRE- 
TEST 
POST- 
TEST  DIFF  
PRE- 
TEST 
POST- 
TEST  DIFF  
n 7 7 0.00 9 9 0.00 
Mean 9.58 7.24 -2.34 6.51 7.08 0.57 
SD 3.64 1.29 -2.35 1.45 3.22 1.77 
Min 6.00 5.600 -0.40 4.90 4.20 -0.70 
 
Based on the mean difference between the experimental and control group in the analysis of 
blood glucose levels, the t-tests showed a significant difference between the two groups’ pre-
test levels (t=2.32; p=0.036).  A Cohen’s D value of 1.17 was obtained indicating large 
practical significance, and reinforcing the significance of the difference in pre-test level blood 
glucose levels for the experimental and control group.  A significant decrease of the control 
group was obtained for the blood glucose levels at the post-test levels of assessment (t=0.12; 
p=0.907).  No significant decrease in blood glucose levels was acquired as a result of the 
twelve-week intervention programme (Control group: t=-1.68; p=0.144; Experimental group: 
t=0.45, p=0.638).  Figure 1 represents the mean variance of blood glucose:   
 
 70
ANALYSIS OF BLOOD GLUCOSE LEVELS
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Fig. 1 Line chart of the mean blood glucose levels  
 
4.3 ANALYSIS OF ANTHROPOMETRICAL PROFILE  
Body mass, waist circumferences and hip circumferences as well as waist-to-hip ratio values 
were assessed as a composite measure of an anthropometric profile.  
 
4.3.1 Body Mass  
No statistically significant decrease in the mean mass for the experimental group was 
recorded over the twelve-week intervention period, although there was a decrease recorded.  
The experimental group had a mean decrease in body from 80.37 kg to 80.26 kg.  In contrast 
to this finding, the control group had a mean mass increase in body mass from 83.09 kg to 
84.54 kg over the twelve weeks.  Table 2 reflects the descriptive data of body mass.  There 
was no statistically significant decrease in the mean body mass (p>0.05) after the twelve-
week hydrotherapy intervention programme.  The experimental group attained a -0.11 kg 
decrease in the mean mass, while the control group achieved a 1.45 kg increase in mean 
mass.  
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Table 2: Descriptive Data of Body Mass   
 
  CONTROL EXPERIMENT 
  
PRE- 
TEST 
POST- 
TEST  DIFF  
PRE- 
TEST 
POST- 
TEST  DIFF  
n 7 7 0.00 9 9 0.00 
Mean 83.09 84.54 1.45 80.37 80.26 -0.11 
SD 16.53 16.97 0.40 14.14 14.04 -0.10 
Min 68.50 69.00 0.50 48.60 47.60 -1.00 
 
T-tests showed no significant difference between two groups’ pre-test levels (t=0.35; p=0.728) 
and also no significant difference between the two groups’ post-test levels (t=0.55; p=0.589).  
There was no significant difference in the experimental group (t=-0.15; p=0.886), but a 
significant difference between the pre-test and post-test body mass in the control group 
(t=2.69; p=0.036) with large practical significance (Cohen’s D=1.02).  Figure 2 represents the 
variance of body mass illustrated in graphic form under the heading of weight: 
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Fig. 2 Chart depicting the analysis of body mass 
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4.3.2 Body Mass Index (BMI) 
No statistically significant decrease in mean BMI for the experimental group was recorded 
over the twelve-week intervention period.  The experimental group had a mean mass 
decrease in BMI from 24.83 kg·m-2 to 24.79 kg·m-2 over the same time period, while the 
control group had a mean increase in BMI from 25.87 kg·m-2 to 26.33 kg·m-2 over the twelve 
week hydrotherapy intervention period.  There was no statistically significant decrease in 
mean BMI (p>0.05) after the twelve-week hydrotherapy intervention programme.  Table 3 
reflects the descriptive data of the anthropometric component of BMI.  The experimental 
group attained a -0.04 kg·m-2 decrease in the mean BMI, while the control group achieved a 
1.54 kg·m-2 increase in mean BMI.   
 
Table 3: Descriptive Data on Body Mass Index   
 
  CONTROL EXPERIMENT 
  
PRE- 
TEST 
POST- 
TEST  DIFF  
PRE- 
TEST 
POST- 
TEST  DIFF  
n 7 7 0.00 9 9 0.00 
Mean 25.87 26.33 1.54 24.83 24.79 -0.04 
SD 4.37 4.53 0.16 4.32 4.25 -0.07 
Min 21.56 21.56 0.00 16.09 15.76 -0.33 
 
T-tests showed no significant differences between the two groups’ pre-test levels (t=0.48; 
p=0.642) and post-test levels (t=0.70; p=0.496), although a difference was observed it was 
not significant.  There was no significant difference in the experimental group (t=-0.19; 
p=0.855), but a significant difference was obtained for BMI pre-test and post-test 
measurement in the control group (t=2.68; p=0.037) with practical significance (Cohen’s 
D=1.01).  Figure 3 represents the mean variance in the anthropometrical analysis of BMI in 
graphic form. 
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Fig. 3 Chart depicting the analysis of BMI 
 
4.3.3 Waist Circumference 
A statistically insignificant decrease in the mean waist circumference for the experimental 
group was recorded over the twelve-week intervention period.  The experimental group had a 
mean decrease in waist circumference from 93.27 cm to 92.27 cm over the twelve-week 
intervention period.  The control group had a mean increase in waist circumference from 
95.64 cm to 97.29 cm over the same duration.  Table 4 reflects the descriptive data of the 
anthropometric component of waist circumference.  There was, therefore, no statistically 
significant decrease in the mean waist circumference (p>0.05) after the twelve-week 
hydrotherapy intervention programme.  The experimental group attained a -1.00 cm decrease 
in the mean waist circumference value, while the control group achieved a 1.65 cm increase 
in the mean waist circumference value.   
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Table 4: Descriptive Data of the Waist Circumference 
 
  CONTROL EXPERIMENT 
  
PRE- 
TEST 
POST- 
TEST  DIFF  
PRE- 
TEST 
POST- 
TEST  DIFF  
n 7 7 0.00 9 9 0.00 
Mean 95.64 97.29 1.65 93.27 92.27 -1.00 
SD 6.82 8.45 1.63 7.73 11.44 3.71 
Min 88.20 88.60 0.40 80.20 65.20 -15.00 
 
Based on the mean difference between the experimental and control group in the analysis of 
waist circumference, t-tests showed no significant differences between the two groups’ pre-
test levels (t=0.64; p=0.532) and post-test levels (t=0.97; p=0.349).  There was no significant 
decrease from pre-test to post-test in either of the groups (Experimental group: t=-0.51; 
p=0.624; Control group: t=1.77, p=0.127), although there was a decrease in waist 
circumference of the experimental group.  Cohen’s D to indicate practical significance was 
not applicable.  Figure 4 represents the mean variance in the anthropometrical analysis of 
waist circumference in graphic form: 
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ANTHROPOMETRICAL ANALYSIS OF WAIST-MINIMUM
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Fig. 4 Line chart depicting the mean analysis of waist circumference 
 
4.3.4 Hip Circumference 
No statistically significant decrease in the mean hip circumference value for the experimental group 
was recorded over the twelve-week intervention period.  The experimental group had a mean 
decrease in hip circumference value from 111.69 cm to 108.36 cm over the twelve-week 
intervention period.  In contrast, the control group had a mean increase in hip circumference from 
115.49 cm to 116.14 cm over the same period.  There was no statistically significant decrease in 
mean hip circumference (p>0.05) after the twelve-week hydrotherapy intervention programme.  
Table 5 reflects the descriptive data of the anthropometric component of hip circumference value.  
The experimental group attained a -3.33 cm decrease in the mean hip circumference value, while 
the control group achieved a 0.65 cm increase in mean hip circumference.   
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Table 5: Descriptive Data of the Hip Circumference 
 
  CONTROL EXPERIMENT 
  
PRE- 
TEST 
POST- 
TEST  DIFF  
PRE- 
TEST 
POST- 
TEST  DIFF  
n 7 7 0.00 9 9 0.00 
Mean 115.49 116.14 0.65 111.69 108.36 -3.33 
SD 8.68 8.17 -0.51 9.66 10.66 1.00 
Min 107.90 109.10 1.20 92.00 86.00 -6.00 
 
Based on the mean difference between the experimental and control group in the analysis of 
hip circumference, t-tests showed no significant differences between the two groups’ pre-test 
levels (t=0.81; p=0.430) and post-test levels (t=1.60; p=0.132).  There was a significant 
decrease in the experimental group (t=-2.83; p=0.022) with a practical significance (Cohen’s 
D=0.94).  In contrast no significant decrease from the pre-test to the post-test measurement 
was obtained in the control group (t=0.58; p=0.583).  Figure 5 represents the mean variance 
in a line chart format for the anthropometrical analysis of hip circumference:  
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Fig. 5 Chart depicting the analysis of hip circumference 
 
4.3.5 Waist-to-Hip Ratio 
A statistically insignificant increase in the waist-to-hip ratio for the experimental group was 
recorded over the twelve-week intervention period.  The experimental group had a mean 
increase in waist-to-hip ratio of 0.84 to 0.85 over the twelve weeks.  This trend was followed 
in the control group with a mean increase in waist-to-hip ratio from 0.83 to 0.84 over the same 
time period for the pre-tests and post-test.  Table 6 reflects the descriptive data of the 
anthropometric component waist-to-hip ratio.  There was, therefore, no statistically significant 
decrease in the mean waist-to-hip ration (p>0.05) after the twelve-week hydrotherapy 
intervention programme.  The experimental group attained a 0.01 increase in the mean waist-
to-hip ratio, while the control group achieved a 0.01 increase in mean waist-to-hip ratio.  
 
Table 6: Descriptive Data of the Waist-to-Hip Ratio  
 
  CONTROL EXPERIMENT 
  
PRE- 
TEST 
POST- 
TEST  DIFF  
PRE- 
TEST 
POST- 
TEST  DIFF  
n 7 7 0.00 9 9 0.00 
Mean 0.83 0.84 0.01 0.84 0.85 0.01 
SD 0.04 0.04 0.00 0.05 0.06 0.01 
Min 0.79 0.78 -0.01 0.77 0.76 -0.01 
 
Based on the mean difference between the experimental and control group, t-tests showed no 
significant differences between the two groups’ pre-test levels (t=-0.34; p=0.737) and post-
test levels (t=-0.48; p=0.636).  There was no significant decrease from pre-test to post-test in 
either of the two groups (Control: t=0.80, p=0.452; Experimental: t=0.65; p=0.534).  Figure 6 
represents the mean variance in the anthropometrical analysis of waist-to-hip ratio in graphic 
form.   
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Fig. 6 Chart depicting the analysis of waist-to-hip ratio 
 
4.4 FLEXIBILITY  
4.4.1 Upper Body Flexibility – Back Scratch  
No statistically significant increase in the flexibility of the upper body for the experimental 
group was recorded over the twelve-week intervention period.  The experimental group had a 
mean increase in upper body flexibility from -11.59 cm to 0.00 cm.  The control group had a 
mean increase in upper body flexibility from -16.99 cm to -16.61 cm over the twelve weeks.  
Table 7 reflects the descriptive data of upper body flexibility.  There was, however, no 
statistical significant improvement in the mean upper body flexibility (p>0.05) of the control 
group after the twelve-week hydrotherapy intervention programme.  The experimental group 
attained an 11.59 cm increase in the mean upper body flexibility, while the control group 
achieved a 0.38 cm increase in mean upper body flexibility.   
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Table 7: Descriptive Data of the Left Upper Body Flexibility – Back Scratch 
 
  CONTROL EXPERIMENT 
  
PRE- 
TEST 
POST- 
TEST  DIFF  
PRE- 
TEST 
POST- 
TEST  DIFF  
n 7 7 0.00 9 9 0.00 
Mean -16.99 -16.61 0.38 -11.59 0.00 11.59 
SD 10.09 8.54 -1.55 9.01 9.43 0.42 
Min -32.25 -30.25 2.00 -22.50 -21.50 1.00 
 
Based on the mean difference between the experimental and control group, t-tests showed no 
significant difference between the two groups at the pre-test levels (t=-1.13; p=0.278) and 
post-test levels (t=-2.00; p=0.066).  There was no significant increase from pre-test to post-
test in the two groups (Control: t=0.16, p=0.882; Experimental: t=2.00; p=0.081), although 
there was a in both the experimental group.  Figure 7 represents the mean variance in upper 
body flexibility in graphic form.   
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Fig. 7 Chart depicting the analysis of upper body flexibility 
 
4.4.2 Lower Body Flexibility – Chair Sit-and-Reach 
A statistically insignificant increase in the flexibility of the lower body for the experimental 
group was recorded over the twelve-week intervention period (p>0.05).  The experimental 
group had a mean chair sit-and-reach flexibility of -6.48 cm at the pre-test assessment and 
increased to a measurement of assessment to -0.14 cm post-test.  In contrast to this finding, 
the control group had a mean decrease in chair sit-and-reach flexibility from -8.54 cm to -
10.02 cm over the intervention period.  Table 8 reflects the descriptive data of the flexibility 
component obtained in the chair sit-and-reach assessment.  The experimental group attained 
a 6.34 cm increase in the mean sit-and-reach flexibility value, while the control group 
achieved a -1.48 cm decrease in the corresponding flexibility component.   
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Table 8: Descriptive Data of the Lower Body Flexibility – Chair Sit and Reach 
 
  CONTROL EXPERIMENT 
  
PRE- 
TEST 
POST- 
TEST  DIFF  
PRE- 
TEST 
POST- 
TEST  DIFF  
n 7 7 0.00 9 9 0.00 
Mean -8.54 -10.02 -1.48 -6.48 -0.14 6.34 
SD 7.99 9.01 1.02 9.88 6.64 -3.24 
Min -18.85 -21.85 -3.00 -22.00 -11.60 10.40 
 
Based on the mean difference between the experimental and control group, t-tests showed no 
significant difference between the two groups’ pre-test levels (t=-0.45; p=0.660) and a 
significant difference between post-test levels (t=-2.53; p=0.024).  There was a significant 
increase in the experimental group (t=2.31; p=0.049) with large practical significance 
(Cohen’s D=1.28).  There was no significant increase from pre-test to post-test in the control 
group (t=-2.24; p=0.066).  Figure 8 represents the mean variance in the anthropometrical 
analysis of lower body flexibility in the form of the chair sit-and-reach assessment in graphic 
form. 
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Fig. 8 Chart depicting the analysis of lower body flexibility – sit and reach 
 
4.4.3 Lower Body Flexibility – Isolated Hip Joint Flexibility (Straight Leg Raise) 
A  statistically significant increase in the flexibility of the lower body for the experimental group 
was recorded over the twelve-week intervention period.  The experimental group had a mean 
increase in hip joint flexibility of 75.00 degrees to 88.67 degrees over the twelve weeks.  
Similarly to this finding, the control group had a mean increase in hip joint flexibility from 74.61 
degrees to 75.00 degrees over the same time period for the pre-tests and post-test.  Table 8 
reflects the descriptive data of the flexibility component of hip joint flexibility.  There was, 
therefore, no statistically significant increase in mean hip joint flexibility for lower body 
flexibility ratio (p>0.05) after the twelve-week hydrotherapy intervention programme.  The 
experimental group attained a 13.67 degrees increase in hip joint flexibility, while the control 
group achieved a 0.39 degree increase in the same dependent variable.   
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Table 9: Descriptive Data of the Lower Body Flexibility – Straight Leg Raise 
 
  CONTROL EXPERIMENT 
  
PRE- 
TEST 
POST- 
TEST  DIFF  
PRE- 
TEST 
POST- 
TEST  DIFF  
n 7 7 0 9 9 0 
Mean 74.61 75.00 0.39 75.00 88.67  13.67  
SD 10.64 8.79 -1.85 15.02 7.94 -7.08 
Min 55.50 60.00 4.50 58.50 78.50 20.00 
 
Based on the mean difference between the experimental and control group, t-tests showed no 
significant difference between the two groups’ pre-test levels (t=-0.06; p=0.954) and a 
significant difference between post-test levels (t=-3.26; p=0.006).  There was no significant 
increase in the experimental group (t=0.65; p=0.746) with large practical significance 
(Cohen’s D=1.64), but there was no significant increase from pre-test to post-test in the 
control group (t=0.34; p=0.452).  Figure 9 represents the mean variance in lower body 
flexibility in the form of hip joint flexibility in graphic form. 
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Fig. 9 Chart depicting the analysis of lower body flexibility (straight leg raise) 
 
4.5 MUSCULAR STRENGTH 
4.5.1 Grip Strength 
A statistically significant increase in the mean upper body strength for the experimental group 
was recorded over the twelve-week intervention period.  The experimental group had a mean 
increase in grip strength from 11.99 kg to 16.28 kg.  In contrast, the control group had a mean 
decrease in grip strength from 8.74 kg to 8.19 kg over the same time period and which proved 
not to be statistically significant (p>0.05).  The experimental group attained a 4.29 kg increase 
for mean grip strength, while the control group achieved a mean -0.55 decrease in grip 
strength. 
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Table 10: Descriptive Data of the Hand Grip Strength 
 
  CONTROL EXPERIMENT 
  
PRE- 
TEST 
POST- 
TEST  DIFF  
PRE- 
TEST 
POST- 
TEST  DIFF  
n 7 7 0.00 9 9 0.00 
Mean 8.74 8.19 -0.55 11.99 16.28 4.29 
SD 11.00 10.66 -0.34 16.30 18.85 2.55 
Min 0.00 0.00 0.00 0.00 0.00 0.00 
 
T-tests showed no significant differences between the two groups’ pre-test levels (t=-0.45; p=0.658) 
and post-test levels (t=-1.01; p=0.329).  There was a significant increase in the experimental group 
(t=2.63; p=0.030) with large practical significance (Cohen’s D=0.88).  However, there was no 
significant increase from pre-test to post-test in the control group (t=-0.72; p=0.497).  Figure 10 
represents the mean variance for grip strength for both groups, respectively: 
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Fig. 10 Chart depicting the analysis hand grip strength 
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4.6 MUSCULAR STRENGTH AND ENDURANCE 
4.6.1 Upper Body Strength and Endurance 
No statistically significant increase in the mean upper body strength and endurance for the 
experimental group was recorded over the twelve-week intervention period.  The 
experimental group had a mean increase in upper body strength and endurance from 17.50 
repetitions to 24.17 repetitions over the twelve weeks.  The control group had a mean 
increase in upper body strength from 12.79 repetitions to 13.14 repetitions over the same time 
period.  Table 11 reflects the descriptive data of upper body strength and endurance 
respectively.  There was no statistically significant increase in upper body strength and 
endurance (p>0.05) after the twelve-week hydrotherapy intervention programme.  The 
experimental group attained a 6.67 increase for mean left and right upper body strength and 
endurance respectively, while the control group achieved a 0.35 increase for mean left and 
right upper body strength and endurance respectively.  
 
Table 11: Descriptive Data of the Upper Body Strength and Endurance 
 
  CONTROL EXPERIMENT 
  
PRE- 
TEST 
POST- 
TEST  DIFF  
PRE- 
TEST 
POST- 
TEST  DIFF  
n 7 7 0.00 9 9 0.00 
Mean 12.79 13.14 0.35 17.50 24.17 6.67 
SD 5.41 5.93 0.52 4.52 5.70 1.18 
Min 4.00 4.00 0.00 13.00 16.50 3.50 
 
T-tests showed no significant difference between two groups’ pre-test levels (t=-1.90; 
p=0.078) and there was a significant difference between their post-test levels (t=-3.77; 
p=0.002).  There was a significant increase in the experimental group (t=6.51; p=0.000) with 
large practical significance (Cohen’s D=1.90).  There was no significant difference from pre-
test to post-test in the control group (t=0.54; p=0.609).  Figure 11 represents the mean 
variance for upper body strength and endurance for both groups after the twelve week 
intervention period: 
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Fig. 11 Chart depicting the analysis of upper body strength and endurance 
 
4.6.2 Lower Body Strength and Endurance 
A statistically insignificant increase in the mean lower body strength and endurance for the 
experimental group was recorded over the twelve-week intervention period.  The 
experimental group had a mean increase in lower body strength and endurance from 11.67 
repetitions to 16.44 repetitions over the twelve weeks.  The control group maintained 10.14 
repetitions for the mean lower body strength and endurance over the same time period.  
Table 12 reflects the descriptive data of lower body strength and endurance. There was, 
therefore, no statistically significant increase in lower body strength and endurance (p>0.05) 
after the twelve-week hydrotherapy intervention programme.  The experimental group 
attained a value of 4.77 increases in the mean lower body strength and endurance, while 
mean lower body strength and endurance in the control group were unchanged.  
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Table 12: Descriptive Data of the Lower Body Strength and Endurance 
 
  CONTROL EXPERIMENT 
  
PRE- 
TEST 
POST- 
TEST  DIFF  
PRE- 
TEST 
POST- 
TEST  DIFF  
n 7 7 0.00 9 9 0.00 
Mean 10.14 10.14 0.00 11.67 16.44 4.77 
SD 2.73 2.79 0.06 2.55 3.78 1.23 
Min 8.00 8.00 0.00 9.00 10.00 1.00 
 
T-tests showed no significant difference between two groups’ pre-test levels (t=-1.15; 
p=0.270), but there was a significant difference between their post-test levels (t=-3.69; 
p=0.002) and large practical significance (Cohen’s D = 1.86).  There was a significant 
increase in the experimental group (t=4.02; p=0.004) with large practical significance 
(Cohen’s D=1.34) for this variable.  No significant increase was obtained for the lower body 
strength and endurance variable from pre-test to post-test in the control group (t=0.00; 
p=1.000).  Figure 12 represents the mean variance for lower body strength and endurance for 
both groups: 
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Fig. 12 Chart depicting the analysis of lower body strength and endurance 
 
4.7 AEROBIC ENDURANCE 
A statistically significant increase in the mean aerobic endurance for the experimental group 
was recorded over the twelve-week intervention period.  The experimental group had a mean 
increase in aerobic endurance from 503.33 m to 567.78 m over the twelve weeks.  In 
contrast, the control group had a mean decrease in aerobic endurance from 455 m to 384.29 
m over the same time period and no statistically significant difference in aerobic endurance 
(p>0.05) was obtained in the control group.  The experimental group attained a 64.45 m 
increase for mean aerobic ability, while the control group achieved a -70.71 m decrease.  
Table 13 reflects the descriptive data of aerobic endurance:  
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Table 13: Descriptive Data of the Aerobic Endurance – Metres Walked in 6 Minutes 
 
  CONTROL EXPERIMENT 
  
PRE- 
TEST 
POST- 
TEST  DIFF  
PRE- 
TEST 
POST- 
TEST  DIFF  
n 7 7 0.00 9 9 0.00 
Mean 455.00 384.29 -70.71 503.33 567.78 64.45 
SD 108.40 164.73 56.34 69.73 74.46 4.73 
Min 290.00 40.00 -250.00 400.00 450.00 50.00 
 
T-tests showed no significant difference between two groups’ pre-test levels (t=-1.08; 
p=0.296), but there was a significant difference between their post-test levels (t=-2.99; 
p=0.010) with practical significance (Cohen’s D = 1.51).  There was a significant increase in 
mean aerobic endurance in the experimental group (t=3.60; p=0.007) with large practical 
significance (Cohen’s D=1.20).  However, there was no significant increase from pre-test to 
post-test in the control group (t=-1.29; p=0.245).  Figure 13 represents the mean variance for 
aerobic endurance for both groups:  
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Fig. 13 Chart depicting the analysis of aerobic endurance 
 
4.8 SUMMARY OF RESULTS  
Analysis of the results after participation in the twelve-week hydrotherapy intervention 
programme revealed significant improvements in few of the health and physical fitness 
parameters.  These parameters include hip circumference, lower body flexibility, hip joint 
flexibility, grip strength, upper body strength and endurance, lower body strength and 
endurance, and aerobic endurance of the experimental group.  The parameters also included 
blood glucose levels, body mass, and body mass index of the control group.  The aim and 
objectives of the study in exploring the effect of hydrotherapy as an intervention strategy, to 
promote health and physical fitness in persons with type II diabetes mellitus, was only 
supported by some of the data obtained from the study.  However, even though there were 
improvements noted in most of the health and physical fitness parameters of the experimental 
group, the differences noted in the pre-tests and post-test were not large enough to make a 
statistical significant difference.   
 
The control group remained sedentary during the twelve-week intervention period and revealed 
either a decrease in, maintenance of, or a slight increase in the selected health and physical 
fitness parameters during the pre-test assessment when compared to the post-test assessment 
scores.  Based on statistical significant results, hydrotherapy proved to improve certain areas of 
the health and physical fitness parameters, while, based on results obtained from the data, 
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hydrotherapy proves to be an effective method of intervention to improve selected health-
related and physical fitness parameters in older women with type II diabetes mellitus.   
 93
CHAPTER FIVE 
DISCUSSION 
5.1 INTRODUCTION 
The motivation for this study was to ascertain the effect of hydrotherapy on selected health-
related physical fitness parameters and blood glucose levels in older women with diabetes 
mellitus type II.  The rationale behind this research was to identify a mode of physical training 
which could potentially break the self-limiting cycle of physical inactivity often imposed on 
older women with type II diabetes mellitus by themselves.  The most common indicator used 
to define old age is chronological age which can be briefly defined as the passage of time 
from birth in years.  Biological aging, also known as primary aging, refers to processes within 
the body that eventually lead to loss of adaptability, disease, physical impairments, functional 
limitations, disability and may result in death.  Functional aging refers to an individual’s 
functional fitness in comparison with the fitness status of other individuals of the same age 
and gender (Jones & Rose, 2005:6).   
 
Irrespective of how physically active individuals are throughout the course of their lives, 
certain inevitable age-associated changes occur in the multiple body systems that contribute 
to balance and mobility.  While some of these changes have no observable effect on how 
well certain balance and mobility-related tasks are performed in different environments, there 
is no doubt that changes in the sensory, motor and cognitive systems in older adults do affect 
the dimensions of balance and mobility (Jones & Rose, 2005:214).  These changes include 
decreased bone density, calcification of the cartilage in joints,  a decreased availability of 
synovial fluid in the joints (Lawrens, 2004:10), decline in neuromuscular function and 
performance (Tsourlou et al., 2006), decreased motor neurons, decreased fast twitch muscle 
fibres, decreased concentration of myosin and actin, reduced capilarisation, increased 
connective tissue in the muscle, reduced elasticity in ligaments and tendons (Lawrens, 
2004:10), as well as the thickening of heart muscle  with age.  Maximal oxygen consumption 
during exercise is known to decline (National Institute for the Aged (NIA), 2003); mechanical 
constraints on the pulmonary system progress with age to cause deterioration in the static 
and dynamic lung function (McArdle, Katch & Katch, 2006:269) and with age, the brain loses 
some of the structures (axons) that connect nerve cells (neurons) to each other (NIA, 2003). 
 
Roger et al. (2001) indicate that falls are caused by loss of balance, as a result of muscle 
weakness, history of falls, use of four or more prescription medications, use of assistive 
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devices, arthritis, depression, impairment in gait, cognition, vision and activities of daily living.  
Similarly, environmental hazards are viewed as a leading cause of falls, accounting for about 
25 to 45% in most studies.   
 
Many randomised trials have demonstrated the positive effect of regular exercise on older 
individuals’ strength, flexibility and aerobic capacity, as well as on the prevention of chronic 
disease (Tsourlou et. al., 2006).  Physical activity can increase the possibility of a fall and the 
perceived risk of falling is a recognised barrier to exercise (Devereux et. al., 2005).   
 
5.2 PROPERTIES AND BENEFITS OF WATER-BASED EXERCISE 
The “fun”, “enjoyment” and social aspects of water exercise are highly significant.  It provides 
motivation for the isolated and frail elderly to be active (Rissel, 1987).  Water is a supportive, 
low risk exercise environment that may reduce the likelihood of acute injury and fear of 
falling, while improving participation and adherence.  Aquatic exercise in warm water 
increases blood circulation to involved joints, increases strength and range of motion to 
involved joints, relaxes muscles, temporarily decreases levels of pain, and increases 
confidence in functional ability (Takeshima, Rogers, Watanabe, Brechue, Okada, Yamada, 
Islam & Hayano., 2002). 
 
5.3 BENEFITS OF WATER-BASED EXERCISE FOR THE ELDERLY 
Buoyancy provides support to the body weight and reduces the compression to the weight-
bearing joints (Lawrens, 2004:9).  Therefore, although water-based exercising is non-weight 
bearing, the added resistance to movements may be sufficient to stress the bones and lead 
to improvement in bone density.  Strengthening of the muscles and other tissues surrounding 
the joints can improve posture and joint stability.  Hydrostatic pressure improves the 
circulation of blood around the body, thus causing a lower working heart rate, assists in the 
removal of waste products, promotes more effective recovery from exercise, reduces swelling 
in joints, but makes it harder to breathe, if water is pressing against the ribcage (Lawrens, 
2004:54). 
 
Literature by Shobhas  et al. (2004) states that by utilising information gained by studying the 
pathogenesis of type II diabetes mellitus, this disease can be prevented or delayed through 
lifestyle change interventions.  Such intervention methods could include physical activity in 
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the form of hydrotherapy, which is the use of warm water to create an environment for 
persons to relieve discomfort and promote physical well-being (Ford-Martin & Frey, 2005:1).   
 
The use of hydrotherapy as an exercise intervention modality offers practical, physical and 
psychological advantages.  Among these advantages are the reduction of risk in respect of 
chronic disease and according to Bjorgaas et al. (2004), physical activity improves glucose 
tolerance in persons with type II diabetes mellitus which aids in the reduction of risk of 
cardiovascular disease, reduction of weight-bearing on a person’s joints, encourages on-
going participation due to the ability to perform activities without risk of falling and aids in 
decreasing pain symptoms of aching joints owing to the warmth of the water and massaging 
effect of the water while moving about in it.   
 
According to the ACSM (2006:3-4), health-related physical fitness is a person’s ability to 
perform daily living activities while possessing the capacity of lowering the risk of hypokinetic 
diseases.  They suggest that health-related physical fitness components consist of 
parameters that include cardiovascular endurance, flexibility, muscular strength and 
endurance and body composition.  These parameters are influenced, enhanced and modified 
by regular activity and are closely associated with disease prevention and health promotion.  
Koury (1996:71,73,75) provides evidence that physical activity participation in the medium of 
warm water improves the above-mentioned parameters.   
 
Concerning hydrotherapy, exercise guidelines were not available at the time this dissertation 
was compiled.  Exercise programme prescription was designed according to the guidelines of 
the  ACSM (2006:207-211) to ensure that the hydrotherapy intervention programme adhered 
to the appropriate intensity, duration and frequency criteria with sufficient progression in the 
programme to establish an appropriate group hydrotherapy programme for older women with 
type II diabetes mellitus.   
 
An appropriate group hydrotherapy programme was achieved through the implementation of 
the dose-response relationship as discussed by Powers and Howley (2001:294-295) and 
supported by the ACSM (2006:207-211) as mentioned above.  The authors stated the 
specific desired effect of physical activity is dependent on the proper dose of exercise needed 
to bring about the anticipated response.  Therefore to bring about a health-related outcome 
from exercising would be different to bringing about a performance-related outcome through 
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exercise.  The aim of this research was to establish health-related outcomes by means of 
hydrotherapy as a mode of exercise performed at a submaximal level of intensity to ease 
activities of daily living.  
 
The intensity of each training session was manipulated from week to week by either 
shortening the resting periods between each exercise, increasing the duration of each 
session or by increasing the speed at which each participant performed the exercises.  The 
ACSM (2007:161) states that exercise for older adults who have no underlying physical 
impairment such as diabetes mellitus can be performed three to five days a week, for five to 
sixty minutes per session with intensity not being the main focus.    
 
The frequency of the hydrotherapy sessions was maintained at three sessions per week 
throughout the duration of the study as prescribed by Durstine and Moore (2003:138).  
According to the authors two to three sessions a week for most of the parameters being 
covered in this study were sufficient in order to obtain appropriate physiological responses 
and resulting in the desired health-related benefits.   
 
The duration of the hydrotherapy sessions ranged from thirty minutes starting at the 
intervention period and progressing to forty-five minutes towards the end of the intervention 
period.  This was in order to overload physiological structures for optimal health-related 
fitness benefits.  The intervention programme was over the period of twelve weeks’ duration 
and according to the ACSM (2006:134) should prove to be sufficient to bring along health-
related fitness improvements as the duration is long enough to encompass the principles of 
overload and specificity as mentioned previously.  The ACSM (2006:134) further explains that 
for a person to gain any physiological benefits (improved tissue and organ function), the 
principle of overload must be applied and so the participants must be exposed to a stimulus 
greater than they are used to.   
 
The ACSM (2006:208) recommends a dose response relationship to exercise for persons 
with diabetes to be of a frequency of three to four days a week, the duration between twenty 
and sixty minutes a session and the intensity of fifty to eighty percent of the heart rate reserve 
of the participants.  Thus, the hydrotherapy programme was consistent with research 
provided by the ACSM (2006: 208) for the development of health-related fitness benefits for 
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participants in this study.  A discussion of the acquired results for the relevant selected 
dependent variables will follow.   
 
5.4 EFFECTS OF HYDROTHERAPY ON BLOOD GLUCOSE LEVELS  
The ACSM (2006:208) states that exercise has an insulin-like effect on the uptake of glucose.  
Exercise causes improved glucose tolerance and increased insulin sensitivity.  However, 
exercise in the form of hydrotherapy alone, did not have a positive effect on lowering blood 
glucose levels in the current study.  It could be argued firstly, that since the exercise 
programme was carried out in the late afternoon, it was difficult to control what the 
participants ate before attending the sessions, as well as after the sessions.  Secondly, due 
to the fact that the diets of the participants were not monitored or controlled these factors 
could have impacted the acquired results for blood glucose levels.  Gavin et al. (2003) reports 
that optimal control of blood glucose is managed by a combination of regular physical activity 
and diet control.  It is therefore clear that diet needs to be controlled and combined with 
structured exercise to obtain positive results as far as blood glucose levels for the person with 
diabetes mellitus type II is concerned.  Diet control was not an objective of the current study. 
 
5.5 EFFECTS OF HYDROTHERAPY ON ANTHROPOMETRICAL PROFILE  
Hoeger and Hoeger (2010:148) claimed that a compounding consideration for participation in 
physical activity was the weight loss associated with an increase in physical activity levels.  
According to Durstine & Moore (2003:150) the significance of determining body composition 
lies in the fact that excess body weight lowers the physical work capacity of a person and 
contributes to the development of syndrome X as discussed earlier.  Systemic diseases such 
as type II diabetes mellitus is strongly linked to a westernised lifestyle characterised by 
physical inactivity and an unlimited supply of high-fat foods. The lifestyle factors which 
increase intra-abdominal fat and metabolic risk factors are weight gain, a diet high in 
saturated fat, smoking, inactivity and a very high alcohol intake (Han, Sattar, & Lean, 2006).  
Up to 80% of the almost 200 million adults worldwide with diabetes will die of cardiovascular 
disease.  People with systemic diseases are also at increased risk, being twice as likely to die 
from, and three times as likely to have a heart attack or stroke compared with people without 
the disease (Paoletti, Bolego, Poli, & Cignarella, 2006). 
 
This study made use of weight measurements, waist-to-hip ratio and waist circumferences 
and hip circumferences to determine the relative body composition of the older women with 
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type II diabetes mellitus.  Results indicated a mean weight decrease of 0.07, a decrease of 
0.08 in body mass index (BMI), a 0.53 decrease in waist circumference and a 1.49 decrease 
in hip circumference, as well as a 0.59 increase in waist-to-hip ratio during the twelve-week 
intervention period.  The findings were not statistically significant for most of the 
anthropometrical variables.  A significant decrease was observed for the maximal hip 
circumference variable.  Hydrotherapy provided an effective mode of exercise for altering the 
range of motion profiles of the participants, and of some of the anthropometry profiles.  Body 
mass index, waist circumference and hip circumference profiles had shown to be improved.  
Body mass was not positively improved (there was no decrease in body mass), however, this 
finding is in keeping with research done by Boulé et al. (2001) who reported no decrease in 
body mass post-intervention with no difference between the exercise and control group 
concerning decreased body mass.  Stewart et al. (2005) support this notion as they reported 
that reductions in total body and abdominal fat and increase in leanness, largely independent 
of weight loss, were associated with improved systolic and diastolic blood pressure, total 
cholesterol, triglycerides, lipoprotein and insulin sensitivity.   
 
According to Durstine and Moore (2003:133), obesity, specifically related to trunk distributed 
fat mass, contributes to insulin resistance in persons with type II diabetes mellitus.  Sanders 
(2003) reports that the resistance water provides during physical activity can provide the right 
environment for weight management.  The reason for this is that water offers a medium which 
requires more energy expenditure to walk in than walking on a treadmill.  Kravitz et al. (2008) 
state that research has shown significant decreases in body fat followed by water activity 
performed three times a week for at least eight weeks long, supporting the notion that water 
offers a medium that will increase energy expenditure aiding weight loss.   
 
5.6 EFFECTS OF HYDROTHERAPY ON FLEXIBILITY  
The use of flexibility exercises during the twelve-week hydrotherapy intervention had a 
positive effect on the range of motion around the posterior compartment of the hip joint as a 
13.67 cm increase in hamstring flexibility was found.  A further 6.33 cm increase in lower 
body flexibility and an 11.59 cm increase in upper body flexibility of participants in the 
experimental group were discovered.   
 
The findings mentioned above are comparable with the results obtained by Van Der Tillaar 
(2006) who reported increased hamstring flexibility using the proprioceptive-neuromuscular 
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facilitation (PNF) stretching technique as opposed to the static stretching technique utilised in 
the current study.  Schrier and Gossel (2000) reported a significant increase in hamstring 
flexibility after a twelve-week intervention period utilising static stretching to enhance 
hamstring flexibility.  A known physiological mechanism of enhanced local blood flow through 
the muscles generates additional heat and, thereby, causes enhanced muscle elasticity and, 
subsequently, facilitation of an increased range of motion in the hamstring muscles.  
 
According to Kravitz et al. (2008), a small number of studies have shown improvement in 
flexibility while participants took part in shallow water exercise routines.  The authors state 
that the reasons for these improvements in flexibility are due to the buoyant properties of 
water which decrease joint stresses and enable flexibility gains.   
 
5.7 EFFECTS OF HYDROTHERAPY ON MUSCULAR STRENGTH AND ENDURANCE 
In the older adult population, muscular strength and endurance may be the most important 
health-related components of physical fitness (Hoeger & Hoeger, 2010:210).  The authors 
contend that muscular strength contributes more to independent living than any other fitness 
component. They furthermore state that muscular strength enhances quality of life by 
improving balance and restoring mobility, making lifting and reaching easier, decreasing the 
risk of falls and preserving bone mineral density and the subsequent risk of osteoporosis.  
Research by Jones and Rose (2005:216) indicate that good balance and mobility are 
essential to successful performance of most activities of daily living, but the fear of falling has 
also been associated with activity of daily living avoidance.  Findings in the current study 
indicate that hydrotherapy is a safe mode of exercise intervention as the risk of falling due to 
the properties of the warm water is so low.  Nachreiner et al. (2007) report that falls are the 
leading cause of deaths in those aged 65 years and older in the United States.   
 
Muscular strength and endurance scores for lower body strength and endurance increased 
by 20.43; upper body strength and endurance increased by 19.05; and grip strength 
increased by 17.88 over the intervention period for the experimental group.  Findings thus 
indicated significant increases in strength and endurance as a result of the use of 
hydrotherapy exercises over a twelve-week period.   
 
In a meta-analysis by Kravitz et al. (2008), exercises performed in water, waist to nipple 
height, resulted in the participants’ ability to move about in the water with the given amount of 
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force to improve their strength.  Sanders (2003) states that muscular strength gains are 
related to muscular endurance gains as most resistance exercises performed in water also 
improved muscular endurance.  A study by Kravitz et al. (2008) on older women performing 
water aerobic exercises over an eight- week period reported that the participants gained 
greater muscular strength and endurance of the upper body and lower body regions.  An 
increase in muscular strength and endurance plays an essential role in improving activities of 
daily living in older persons. 
 
The results of the current study are supported by research performed by Tsourlou et al. 
(2006:811-816) on elderly women participating in hydrotherapy.  After a ten-week 
hydrotherapy programme there were reported improvements in general muscular strength 
and endurance.   
 
5.8 EFFECTS OF HYDROTHERAPY ON AEROBIC ENDURANCE  
Hydrotherapy was used as a mode of activity in the current study to improve aerobic 
endurance of the participants.  A study on elderly women was performed by Takeshima et al, 
(2002) and required these elderly women to follow an exercise programme in water while 
monitoring their physiological responses.  This study showed an increase in peak aerobic 
endurance by 12 and aerobic endurance at lactate threshold by 20.  A study conducted by 
Tsourlou et al. (2006) found similar results.  As in these studies there was a significant 
increase in aerobic endurance.  This was achieved progressively over a period of twelve 
weeks by increasing the duration of the hydrotherapy sessions from thirty minutes to forty-five 
minutes of continuous activity in the water.  The dose-response relationship according to the 
ACSM (2006:146-147) for the enhancement of the cardiorespiratory phase for health-related 
physical fitness for older adults is between twenty minutes to sixty minutes of continuous 
intermittent exercise (no less than ten minutes a session a day).   
 
Ruoti et al. (1994) state that water exercise when maintained at a moderate heart rate 
increases the level of aerobic fitness to a similar degree as that of running on land.  The 
study by Ruoti et al. (1994) determined the effects of water exercises, excluding swimming, 
on aerobic work capacity in older populations and found that the exercise group improved 
significantly after the twelve-week duration of the study.   
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5.9 SUMMARY  
Published studies on hydrotherapy previously involving older women with type II diabetes 
mellitus and findings of the current study did not show a favourable change in blood glucose 
levels as there was no dietary guidelines given to the participants by the researcher.  This 
posed as a limitation to the study as there showed to be no evidence of the participants 
showing appropriate dietary control, and no control of the participants eating inappropriate 
substances such as chocolates before taking their blood sugar levels.  Thus, on some 
occasions, when the researcher asked to see the glucose-monitoring sheets of the 
participants, it was discovered that some participants had a sweet tooth for chocolates.  This 
resulted in poor blood glucose readings. 
 
Benefits of hydrotherapy were found as a result of an increase in caloric expenditure and 
indirectly causing improvement in trunk fat distribution, this is significant as trunk fat 
distribution is considered an important component in causing type II diabetes mellitus and the 
reduction in fat mass over the waist circumference, while a reduction in hip circumference 
also improves the wellness profile.  These results were proven with decreased hip 
circumferences in the experimental group when comparing pre-tests and post-tests. 
 
Hydrotherapy showed potential for increasing flexibility as seen in the increase in hip joint 
flexibility, lower body flexibility.  These advantages are also seen with regard to muscle 
strength and endurance, as age-related decreases of muscular strength and endurance have 
been shown to be positively affected by hydrotherapy.  In general, hydrotherapy has positive 
benefits for some of the health and fitness-related components in older women with type II 
diabetes mellitus.   
 
The contribution of the current study lies in the improvement of lower body flexibility and 
extremity strength and endurance that may be from the effects of warm water physical 
activities and subsequent aid in the daily functioning and improved wellness of older women 
due to improved range of motion in the joints.   
 
Thus, this dissertation was aimed at exploring and promoting hydrotherapy among older 
woman with type II diabetes mellitus as a means to improve their physical wellness profiles 
using water activity as a mode to control type II diabetes mellitus.   
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5.10 RECOMMENDATIONS FOR FUTURE RESEARCH  
There is a great need for further investigation into the long-term physical fitness effects of 
hydrotherapy according to objective measurements for aerobic capacity, such as using target 
heart rate zones, to ensure that the participants adhere to individualised dose-response 
relationships, this is in order to maximise the significance of the study.  
 
The effect of a combination of diet control and exercise for older women with type II diabetes 
mellitus needs to be explored further. 
 
Anthropometrical analyses of fat distribution and fat mass changes in women with type II 
diabetes mellitus using hydrotherapy as a mode of exercise and the role of a combined 
dietary restriction could be addressed.  Motor-skill specific components such as agility should 
be added to hydrotherapy programme prescriptions for older women as this component plays 
a role in improving balance, thus fall-risk behaviour in this specific population group could be 
addressed.   
 
It is also recommended that the role of core activation during hydrotherapy for older persons 
with chronic diseases, such as diabetes, be looked into, since this may improve the wellness 
profile of older adults who suffer from lower back pain due to degeneration.  The role that 
core activation plays in the prevention of falls and fall-related injuries in older persons could 
be pursued. 
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APPENDIX A 
DOCTOR LETTER WITH PATIENT REQUIREMENT FORM 
 
Faculty of Health Sciences NMMU 
Tel: +27 (0)41 504-2603  
Fax: +27 (0)41-504-2770 
E-mail Biokinetics Promoter:  
maryna.baard@nmmu.ac.za 
February 2008 
 
Invitation to participate in Hydrotherapy Research  
 
Dear Doctor 
 
Re: Invitation letter to refer persons with Diabetes Mellitus type II to participate in a post-
graduate research study, being conducted at the Hydrotherapy pool on the South campus of 
The Nelson Mandela Metropolitan University. 
 
I would like to inform you of a research study I am currently conducting.  I am a Masters 
Student and current Biokineticist at the NMMU, conducting a study on the effects of group 
hydrotherapy exercises on selected health-related fitness principles in older women with type 
II diabetes mellitus.   
 
I would like to request the referral of willing participants to the research study.  The study 
involves senior females over the ages of 45 years, who have been clinically diagnosed with 
type II diabetes.  I will provide you with the necessary information to assist you to understand 
the study if requested. These guidelines will include the risks, benefits and rights of the 
participants.  Participant’s confidentiality will be respected at all times.   
 
A pilot study has been conducted at the end of last year and I am in need of more participants 
to make my study more statistically sound.  The pilot study showed promising results, there 
was an immediate effect on the participants blood glucose levels, while the long term health 
benefits were apparent due to improvement of the participants aerobic ability, upper body 
strength, lower body strength and flexibility.   
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Furthermore, it is important that you are aware of the study has been approved by the 
Research Ethics Committee (Human) of the university.  The REC-H consists of a group of 
independent experts that has the responsibility of ensuring that the rights and welfare of 
participants in research study are protected and that studies are conducted in an ethical 
manner.  Studies cannot be conducted without REC-H’s approval.   
 
The hydrotherapy sessions will be conducted three times a week for the entire eight week 
period, and last for thirty to forty-five minutes per session.  Each session will start off with a 
light to moderate exercise routine in the heated indoor pool.  I would like to start the study as 
soon as possible and complete it by the beginning of July. 
 
It would be greatly appreciated if you could inform patients who meet the above criteria for 
potential participation.  The participants will gain benefits from the study and are not required 
to pay any health professional service fees related to the study during the course of the study. 
Please feel free to ask for clarification regarding this study. 
 
Yours sincerely 
 
 
Amori Witthuhn 
RESEARCHER 
Contact number: ___ ___ ____ 
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PATIENT REQUIREMENT FORM 
 
Faculty of Health Sciences NMMU 
Tel: +27 (0)41 504-2603  
Fax: +27 (0)41-504-2770 
E-mail Biokinetics Promoter:  
maryna.baard@nmmu.ac.za 
February 2008 
Participant Requirement Form 
 
Inclusion criteria: 
1. Must be 45 years of age and older. 
2. Must be diagnosed with type II diabetes mellitus via a medical practitioner. 
3. Must be female. 
4. Must own a glucose testing kit. 
5. Must have own transport. 
6. Must be able to walk without assistance. 
 
Exclusion criteria: 
1. Participants with recent serious cardiac surgery whom have not been cleared by their 
cardiologist. 
2. Fractures of the axial skeleton or recent orthopaedic surgery such as joint 
replacements or metal or pin implants, which do not have clearance from their 
specialist. 
3. Chronic conditions such as severe epilepsy and tumours. 
4. Participants in any other fitness or training programme. 
5. Persons with amputations will be excluded from this study. 
6. Unable to perform a graded exercise test. 
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APPENDIX B 
NMMU STAFF NOTIFICATION 
 
 
 
Do You Have Type II Diabetes Mellitus? 
 
Are you female and over the age of 45? 
 
Would you like to participate in a free hydrotherapy 
training 
programme that will promote a healthier active lifestyle or 
just get a free physical evaluation? 
 
Interested participants may be included in a free 8 
week hydrotherapy study, 3 times a week, on the health- 
related benefits of exercise or physical evaluation for 
persons’ with 
diabetes. 
 
For further information 
please contact Amori 
Cell: ___ ___ ____ 
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APPENDIX C 
INFORMATION SHEET  
Faculty of Health Sciences NMMU 
Tel: +27 (0)41 504-2603  
Fax: +27 (0)41-504-2770 
E-mail Biokinetics Promoter:  
maryna.baard@nmmu.ac.za 
E-mail Faculty Chairperson: 
Sharon.Graham@nmmu.ac.za 
28 May 2007 
 
Re: Information letter to participant in Hydrotherapy intervention program at the NMMU 
(South campus) indoor pool 
 
Dear Participant 
 
You are invited to participate in a research study on the health-related benefits of 
hydrotherapy on women over the age of 45 with type II diabetes.  
 
My name is Amori Witthuhn and I’m a female Biokinetics Masters student at the NMMU.  My 
research is conducted to aid in understanding the nature of type II diabetes mellitus and 
hydrotherapy.  This study is of interest to me, as type II diabetes mellitus runs in my family 
and I would like to research this topic, to get greater insight into the condition. 
 
The study involves hydrotherapy sessions that will be conducted three times a week for the 
entire twelve week period, and will last for thirty to forty-five minutes per session.  Each 
session will start off with a light to moderate exercise routine in a heated indoor pool at the 
NMMU.  I would like to start the study at the beginning of September and complete it by the 
beginning of December. 
 
In order to participate in the study, it will be asked of you to provide a written consent form 
from your physician declaring that you are in good health to participate in the study, and will 
include your signature.  A consent form to participate in this study will include the date of the 
start of the study and your initials on each page to verify that you understand what is written 
on each page of the form and agree to the terms and conditions of the study  
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Your rights as a participant in this research will be honoured and you could query any 
concerns regarding the study at any time.  If any problems arise during the study, please 
immediately report them to the researcher involved.  This will be possible by contacting the 
researcher via the contact numbers that have been provided.  
 
Furthermore, a group of independent experts known as the Human Research Ethics 
Committee (HREC) at the Nelson Mandela Metropolitan University has approved the study.  
Their responsibility is to protect your rights as a participant and to ensure that the study is 
carried out in an ethical manner.  This committee can also answer any questions pertaining to 
your rights as a research participant.  You can contact the director of Research Management 
at the following number: (041) 504 4536.   
 
Participation in this research is completely voluntary and you are not obligated to participate.  
If you choose not to participate, your present and /or future medical care will not be affected in 
any way and you will not incur any penalty and/or loss of benefits to which you may otherwise 
have been entitled.  However, if you do partake in this study, you have the right to withdraw at 
any given time during the study without penalty or loss of benefits.  If you do withdraw from 
the study, it is recommended that you return for the final assessment and discussion in order 
to terminate the study in an orderly manner.   
 
Although your identity will, at all times, remain confidential, the result of the research study 
may be presented at a scientific conference or in a specialist publication, should the 
opportunity arise.  The nature of the study that you will be involved in is an experiment with a 
group of senior adult females with type II diabetes mellitus.  We will measure your blood 
glucose levels and body composition through specific tests, which will be explained and 
demonstrated, prior to any assessment.  
 
A twelve week Group Hydrotherapy program will be provided to you after the initial 
assessment, which you need to comply with throughout the study.  During the twelve-week 
intervention period, blood glucose levels will be monitored.  Thereafter, a follow up of similar 
tests will be conducted to measure any changes in your blood glucose levels and body 
composition.  Thus, the expected increase in your physical fitness following the hydrotherapy 
exercise program, could positively aid in improving your lifestyle wellness.  
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It will be required of you to monitor your blood sugar levels on the days of the exercise 
intervention (first thing in the morning and two hours after the exercise routine), the reason for 
this is so that your blood sugar levels can be noted and the results thereof will be included 
into the study as a reference of your blood sugar levels throughout the intervention period. 
 
Should your medical condition change in such a way during the intervention and the 
researcher believes that it is not in your best interest to continue in this study, your 
participation may be discontinued without any penalty.  
  
If you require any further information, please feel free to contact the researcher for 
clarification. 
 
 
 
Yours Sincerely 
Amori Witthuhn 
Contact number:  ___ ___ ____ 
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APPENDIX D 
CONSENT FORM  
 
D/497/05 
ETHICS CONSENT FORM 
 
NELSON MANDELA METROPOLITAN UNIVERSITY 
  
INFORMATION AND INFORMED CONSENT FORM 
 
Title of the research 
project 
 
Effects of Hydrotherapy Group Exercises on 
Selected Health-Related Fitness Variables in older 
women with Type II Diabetes Mellitus 
 Principal investigator 
 
Amori Cathy Witthuhn 
Address 
 
 
Postal Code 
__ _________ ________ 
____________ 
____ ________ 
____ 
Contact telephone 
number 
(private numbers not 
advisable) 
 
___ ___ ____ 
   
 
A. DECLARATION BY OR ON BEHALF OF PARTICIPANT: 
 
I, (the undersigned),                                                                
(name)                                                                            
I.D.No.                                                    ]  
 
OR 
 
I, in my capacity as                                                       
(relationship)                                  
of the participant                                                                   
(name) 
I.D.No.                                                    ]  
of                                                                                     .                  
                                                                                        (address)    
Initial  
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A.1 HEREBY CONFIRM AS FOLLOWS: 
1.  I, the participant, was invited to participate in the above 
mentioned research project which is being undertaken by 
Amori Witthuhn of the Department of Human Movement 
Science in the Faculty of Health Science at the Nelson 
Mandela Metropolitan University. 
  
2. The following aspects have been explained to me, the 
participant: 
  2.1 Aim:  The aim of this study is to determine the effectiveness 
of hydrotherapy group exercises on selected health-related 
fitness variables for older women with type II diabetes mellitus.  
 
     The information will be used for: advancements in healthcare 
and related fraternities. 
    
  2.2 Procedure:   I understand that I will have to undergo a pre 
assessment, followed by a 12 week intervention followed by a 
post-test one and two physical fitness assessment. 
    
  2.3 Risks:   There are no risks to any participant. 
 
  2.4 Possible Benefits:   As a result of my participation in this 
study I expect to gain physical fitness benefits as well as 
contribute to the improvement of healthcare. 
 
  2.5 Confidentiality:   My identity will not be revealed in any 
discussion, description or scientific publications by the 
investigators. 
 
  2.6 Access to findings:   Any new information or benefit that 
develops during the course of the study will be shared with me. 
Initial  
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  2.7 Voluntary participation/refusal/discontinuation:    
My participation is voluntary:   
 
My decision whether or not to participate will in no way affect my 
present or future medical 
care/employment/lifestyle: 
 
 YES  NO 
 TRUE  FALSE 
 
3. The information above was explained to me/the participant by 
Amori Witthuhn in English/Afrikaans and I am in command of this 
language. 
 
 I was hereby given the opportunity to ask questions and all 
these questions were answered satisfactorily. 
Initial  
 
4. No pressure was exerted on me to consent to participation and 
I understand that I may withdraw at any stage without 
penalization. 
Initial  
 
5. Participation in this study will not result in any additional cost 
to myself. 
Initial  
 
A.2 I HEREBY VOLUNTARILY CONSENT TO PARTICIPATE IN THE 
ABOVE-MENTIONED PROJECT. 
 
Signed/confirmed at                                                                              (place) 
on    
                                      2007 (date) 
 
Signature of participant                                                           . 
Signature of witness                                                                . 
Full name of witness                                                               . 
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B. STATEMENT BY INVESTIGATOR: 
I, Amori Witthuhn, declare that 
 I have explained the information in this document to  
                                                                                (participant); 
 He/she was encouraged and given ample time to ask me any 
questions; 
 This conversation was conducted in English and Afrikaans where 
necessary. 
 
I have detached Section C and handed it to the participant 
 YES  NO  
 
Signed at                                            on                                2007 
                   (place)                                   (date) 
 
Signature of investigator                                                       .   
Signature of witness                                                             . 
Full name of witness                                                             . 
 
 
 
 
C. IMPORTANT MESSAGE TO PARTICPANT: 
Dear Participant, 
Thank you for your participation in this study.  Should, at any time during the 
study, 
 An emergency arise as a result of the research, or 
 You require any further information with regard to the study, 
Kindly contact Amori Witthuhn at ___ ___ ____. 
Kind Regards 
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APPENDIX E 
PAR-Q (PHYSICAL ACTIVITY READINESS-QUESTIONNAIRE) 
PAR-Q 
PHYSICAL ACTIVITY READINESS-QUESTIONNAIRE  
NAME:___________________________________________ AGE__________ 
QUESTIONNAIRE YES NO 
Has your doctor ever said that you have a 
heart condition and that you should only do 
physical activity recommended by a doctor? 
  
Do you suffer from high blood pressure?   
Do you feel pain in your chest when you do 
physical activity? 
  
Do you loose your balance because of 
dizziness or do you ever lose 
consciousness? 
  
Has your doctor told you that your 
cholesterol level is too high? 
  
Are you currently a cigarette smoker or have 
you smoked within the last six months? 
  
Do you have asthma, emphysema or 
bronchitis? 
  
Do you currently have thyroid problems?   
Do you frequently get heart palpitations?   
   
Do you meet the following criteria? 
Are you 45 years of age and older?   
Are you diagnosed with type II diabetes 
mellitus? 
  
Do you own a glucose testing kit?   
Do you have transport?   
Are you able to walk without assistance?   
Have you had recent cardiac surgery?   
Have you had recent orthopaedic surgery?   
Do your legs cramp regularly while walking?   
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Do you suffer from persistent swelling 
around the ankles? 
  
Has a doctor ever told you about bone or 
joint problems, such as arthritis, that have 
been aggravated or might be made worse 
with exercise? 
  
Do you have epilepsy or tumors?   
Family History Mother Father 
 Yes No Yes  No 
High cholesterol?     
Coronary heart disease before the age of 55 
years (mother) and 45 years (father) 
    
Diabetes Mellitus?     
Hypertension?     
Obese?     
Stroke?     
HAS YOUR DOCTOR DIAGNOSED ANY OTHER MEDICAL PROBLEM WHICH YOU FEEL 
YOU SHOULD MENTION? 
 
 
I HERBY CERTIFY THAT I HAVE COMPLETED THE ABOVE LISTED INFORMATION TO 
THE BEST OF MY KNOWLEDGE AND IN TRUTH: 
 
SIGNATURE _____________________________________   DATE: ______________ 
(member) 
 
BIOKINETICIST/ __________________________________   DATE: _______________ 
PERSONAL TRAINER 
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APPENDIX F 
TESTS CONDUCTED (MEASURING PROTOCAL) 
Blood glucose level: _____ mmol/l 
Blood pressure: Before testing _____mm Hg  After testing _____mm Hg 
         2) _____ mm Hg         _____ mm Hg 
         3) _____mm Hg         _____mm Hg 
Heart Rate: Before testing _____ b/min  Recovery ______ b/min 
Body Composition:  
Body weight  _____kg _____  _____ 
Body height  _____cm _____  _____ 
Waist-to-hip ratio Waist Circumference _____cm Hip Circumference _____cm 
                   2) _____ cm            _____ cm 
           3) _____ cm         _____ cm 
           Score _____ 
Fitness variables:      Left  Right 
Grip Strength       _____  _____ 
                3) _____  _____ 
                3) _____  _____ 
            Score _____ 
Flexibility Straight leg raises    _____ ̊  _____ ̊
                2) _____̊  _____ ̊
                3) _____̊  _____ ̊
  Gluteus complex    _____  _____ 
                2) _____  _____ 
                3) _____  _____ 
  Pectoralis sternal    _____  _____ 
         2) _____  _____ 
                3) _____  _____ 
  Pectoralis clavicular    _____  _____ 
         2) _____  _____ 
                3) _____  _____ 
  Lats, rhomboids, teres major   _____  _____ 
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                2) _____  _____ 
         3) _____  _____ 
  Back scratch     _____  _____ 
         2) _____  _____ 
                3) _____  _____ 
  Chair sit-and-reach    _____  _____ 
         2) _____  _____ 
                3) _____  _____ 
Functional testing:      Left  Right 
Thirty Second Biceps Curls 2.5kg    _____  _____ 
Thirty Second Chair Stand     _____  
Six Minute Walk Test  Laps ______  Highest Heart Rate ______b.min-1 
       Distance Achieved ________ meters 
 
Lap 1  Heart Rate _____ b.min-1 
Lap 2  Heart Rate  _____ b.min-1 
Lap 3  Heart Rate _____ b.min-1 
Lap 4  Heart Rate _____ b.min-1 
Lap 5  Heart Rate _____ b.min-1 
Lap 6  Heart Rate _____ b.min-1 
Lap 7  Heart Rate _____ b.min-1 
Lap 8  Heart Rate _____ b.min-1 
Lap 9  Heart Rate _____ b.min-1 
Lap 10  Heart Rate _____ b.min-1 
Lap 11  Heart Rate _____ b.min-1 
Lap 12  Heart Rate _____ b.min-1 
Lap 13  Heart Rate _____ b.min-1 
Lap 14  Heart Rate _____ b.min-1 
Lap 15  Heart Rate _____ b.min-1 
Lap 16  Heart Rate _____ b.min-1 
Lap 17  Heart Rate _____ b.min-1 
Lap 18  Heart Rate _____ b.min-1 
Lap 19  Heart Rate _____ b.min-1 
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Lap 20  Heart Rate _____ b.min-1 
Lap 21  Heart Rate  _____ b.min-1  
Lap 22  Heart Rate  _____ b.min-1 
Lap 23  Heart Rate  _____ b.min-1 
Lap 24  Heart Rate  _____ b.min-1 
Lap 25  Heart Rate  _____ b.min-1 
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APPENDIX G 
BLOOD GLUCOSE TESTING KIT 
The Accu Check Go System: 
  
The Accu Check Active System: 
 
Accu Check Softclix Lancet Devise: 
 
Accu Check Lances: 
 
Hoffmann-La Roche, F., 2009. Accutrend® Plus System : Accu Check [Image].  Retrieved 16 
June 2009, from http://www.roche.com/products/product-details.htm?type=product&id=16 
 
The Accu Check Active Test Strips: 
 
American Diabetes Wholesale. 2005-2009. Glucose Test Strips [Image].  Retrieved 16 June 
2009, from  
http://www.americandiabeteswholesale.com/-strse-Glucose-Test-trips/Categories.bok 
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APPENDIX H 
GRIP DYNANOMETER 
Takei Physical Fitness Test Hand Grip Dynamometer: 
 
Fitness Assist, 2009, Takei Hand Grip Dynamometer Digital Display TAK005 [Image]. 
Retrieved 16 June 2009, from 
http://www.fitnessassist.co.uk/product_images/n/tki_a5401_web__44529.jpg 
 
APPENDIX I 
TESTING CHAIR 
McCourt Quickstack Chair 
 
BizChair, McCourt Wuickstack Chait [Image].  Retrieved 15 July 2009, from 
http://www.bizchair.com/office-furniture.html/mccourt-quickstack-chair  
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APPENDIX J 
INTERVENTION PROGRAMME (Hydrotherapy Exercise Programme)  
DESCRIPTION & TABLE LAYOUT 
Warm Up and Aerobic Exercise 
 Ten minutes per session: 
 Activities involve large muscle-group activities such as listed below: 
1. Forward Walking with Arm swinging Action 
2. Marching around the pool 
3. Marching on the Spot with High Knee Action 
4. Stepping from Side to Side 
5. Walking Backwards with High Knee Action 
6. Walking Lunges 
7. Sideways Walking 
8. Straight Leg Swinging March  
9. Star Jumps Movements 
10. Running on the spot 
11. Noodle Under Tummy and Holding on Pool Edge - Kicking 
12. Noodle Under Tummy and Holding on Pool Edge – Scissors 
13. Noodle Under Tummy and Holding on Pool Edge – Frog Legs  
14. Using Kicking Boards and Swimming Lengths 
 
Strengthening Exercises 
 Frequency: one to several sets depending on week  
 Duration: fifteen to twenty repetitions   
 Intensity: Participant’s heart rates (HR) were monitored via Polar HR monitors with a 
HR of 90-140 b/min, which is about 70 – 80 % maximum HR, or participants had to be 
able to speak without complete loss of breath while exercising.  Taking heart rates is 
difficult, as most participants have some form of cardiac problems and may be on beta 
blockers.  This therefore kept their heart rates low, no matter what intensity was used.  
Making the HR monitor an unreliable measure for intensity, thus the HR monitor was 
place on participants who were not on beta blockers.  Ratings of Perceived Exertion 
scale may be use as a means of monitoring intensity.  On a scale of one to ten, with a 
6 – 8 intensity on the scale. 
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The following exercises were included in the strengthening routine: 
1. Hip Flexion & Extension 
Participants stood along side the pool with one hand holding on the side of the pool, 
participants flexed their hips and then extended their hips while their legs were in a straight 
position with one continuous motion. 
2. Hip Adduction & Abduction 
Participants stood along the edge of the pool with both hands holding on the side of the pool, 
the participants then abducted their hips and then adducted their in a controlled flowing 
motion. 
3. Hip Abduction Pumps 
Participants stood along side the pool with one hand holding on the side of the pool, the 
participants abducted their legs at about 45̊ and they moved their feet up and down in small 
continuous movements.  
4. Figure of Eight with Hip Flexed 
Participants stood along side the pool holding with one hand on the side of the pool, the 
participants flexed their hips slightly and drew the figure of eight in the water using their feet.  
The participants were encouraged to draw the figure of eight with their feet as wide and as 
large as they could manage. 
5. Rainbow with Hip Flexed 
Participants stood along side the pool holding with one hand on the side of the pool, the 
participants flexed their hips slightly and drew a large rainbow in the water with their feet. 
6. Hip Abduction with Leg Movements Backwards and Forwards in a Horizontal Plane 
(Hip Abduction with leg Movements) 
Participants stood along side the pool with one hand holding on the side of the pool, the 
participants abducted their legs at about 45̊ and they moved their feet forwards and 
backwards in small continuous movements.  
7. Hip Abduction with Forward Circular Leg Movements (Hip Abduction Forward Leg 
Movements) 
Participants stood along side the pool with one hand holding on the side of the pool, the 
participants abducted their legs at about 45̊ and they moved their feet in small continuous 
forward circular movements.  
8. Hip Abduction with Backward Circular Leg Movements (Hip Abduction Backward Leg 
Movements) 
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Participants stood along side the pool with one hand holding on the side of the pool, the 
participants abducted their legs at about 45̊ and they moved their feet in small continuous 
backward circular movements.  
9. Squat and Move Side to Side While Holding Pool Noodle Above Head (Squat side to 
side with PN high) 
Participants held their pool noodles above their heads while performing squats.  Squats were 
performed by squatting down, as they stood up they shift their body weight to the left and 
squat again and shift their body weight to the right.   
10. Squat and Move Side to Side While Holding Pool Noodle in Front Raise Position 
(Squat side to side with PN Front Raise) 
Participants held their pool noodles in a front raise position while performing squats.  Squats 
were performed by squatting down, as they stood up they shift their body weight to the left 
and squat again and shift their body weight to the right. 
11. Squat and Moving Side to Side While doing Forward Arm Circles (Squat side to side 
with Forward Arm Circles) 
Participants held their arms in a abducted position while they moved their hands in forward 
circular movements while squatting.  Squats were performed by squatting down, as they 
stood up they shift their body weight to the left and squat again and shift their body weight to 
the right. 
12. Squat and Moving Side to Side While doing Backward Arm Circles (Squat side to side 
with Backward Arm Circles) 
Participants held their arms in a abducted position while they moved their hands in backward 
circular movements while squatting.  Squats were performed by squatting down, as they 
stood up they shift their body weight to the left and squat again and shift their body weight to 
the right. 
13. Pool Noodle Foot Push Downs 
The participants held their pool noodles (PN) at each end, then placed one foot in the centre 
of the PN. The participants then flexed and extended their knee in a continuous controlled 
motion while they maintained hip flexion of the leg being exercised. 
14. Squats 
The participants stood with her legs shoulder length apart and toes pointing outwards at 45̊.  
The participants then bent their knees to almost 90̊ and returned to a standing position.  The 
process was repeated. 
15. Biceps Curls & Triceps Pull Downs with Pool Noodle (Biceps and Triceps with PN) 
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The participants stood in a static squat position in order to submerge their shoulders in the 
water.  They held the centre of the PN with both hands in a reverse grip form and kept their 
elbows along side of their bodies.  They then pulled the PN downwards and returned back to 
the starting position in a slow motion. 
16. Chest Press with Pool Noodle 
The participants stood in a static squat position in order to submerge their shoulders in the 
water.  They then held the centre of the PN with both hands and straightened their arms.  
They then pulled the noodles towards their chest and pushed it away in a controlled motion. 
17. Straight Arm Front Push Downs with Pool Noodle 
The participants stood in a static squat position in order to submerge their shoulders in the 
water.  They then held the centre of the PN shoulder width apart and their arms straight in 
front of them.  They contracted their abdominal muscles in an abdominal brace position and 
pushed the PN with extended elbows downwards and repeated the process. 
18. Lower Back Mobility Exercise with Pool Noodle 
The participants wrapped the PN around their backs so that the noodle was situated under 
their arms and so they can hold the noodle at each end.  They then stood with their feet apart 
so that water was chest height.  Holding the PN in position and performing an abdominal 
brace, they rotated their upper bodies in a slow controlled motion from left to right. 
19. Abdominal Crunches with Pool Noodle 
The participants wrapped the PN around their backs so that the noodle was situated under 
their arms holding on the PN at each end.  They stood with their feet apart so that the water 
was chest height.  Holding the PN in position and performing an abdominal brace, they 
perform an abdominal crunch by moving their shoulders towards their knees. 
20. Prone Kicking 
The participants lined up along the sides of the pool, they placed the pool noodles beneath 
their stomachs in a prone position while holding on the side of the pool with their feet up and 
kicking. 
21. Prone Frog Kicking 
The participants lined up along the sides of the pool, they place the pool noodles beneath 
their stomachs in a prone position while holding on the side of the pool with their feet up 
kicking the breast stroke action. 
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Stretching Exercises 
 One repetition of each exercise listed below was performed, holding each stretch for 
up to 30 seconds: 
1. Quad Stretch 
The participants performed the stork stand within the pool while holding on the side of the 
pool with one hand. 
2. Hamstring Stretch 
The participants held on the side of the pool with both hands, while their toes touched the 
wall.  They then pushed their buttocks outwards and with straight legs and straight backs they 
leaned forwards.  Stretch was felt in the hamstrings. 
3. Adductor Stretch 
The participants stood with their legs in a straight wide position, while holding onto the pool 
wall; they then bent one of their legs to the side and leaned slightly in the opposite direction 
stretching her adductors. 
4. Calf Stretch 
The participants performed the wall lean stretch within the pool while holding onto the side of 
the pool.  One leg was placed in front of the other, with their back leg straight and front leg 
bent. 
5. Arm Across Chest Stretch 
The participants placed one arm across their chest, while their arms were in a straight 
position to stretch their shoulder joint and rhomboids.  They used their other hands to support 
the stretched arm at the elbow. 
6. Arm Behind Head Stretch 
The participants placed one hand behind their head with their elbow in the air, they then used 
their other hand to push down gently on the elbow to stretch their triceps. 
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  Week one 
MUSCLES / EXERCISES SETS / REPS 
30 min Session 
Warm-up 
Walking around the pool 2 laps 
Backwards walking 2 lengths 
Sideways walking 2 lengths each direction 
Marching around the pool with high knees 2 laps 
Side to side stepping I min 
Exercises 
Hip flexion 1 set / 15 reps 
Hip extension 1 set / 15 reps 
PN foot push-downs 1 set / 15 reps each side 
Hip abduction and adduction 1 set / 15 reps 
Squats 1 set / 20 reps 
Chest press with PN 1 set / 20 reps 
PN hand push-downs 1 set / 20 reps 
Back mobility with PN 1 set / 20 reps 
Abdominal crunches with PN 1 set / 20 reps 
Figure eight with hip flexion 1 set / 10 reps each side 
Draw a rainbow with hip flexors 1 set / 10 reps each side 
Cool-down 
Walking around the pool 2 laps 
Quad stretch 1 set / 25 sec each side 
Hamstring stretch 1 set / 25 sec each side 
Adductor stretch 1 set / 25 sec each side 
Calf stretch 1 set / 25 sec each side 
Arm across chest stretch 1 set / 25 sec each side 
Hand behind head stretch 1 set / 25 sec each side 
Between each exercise, the participants walked on the spot to keep their heart rates up. 
Pool noodle = PN  Second / s = sec Minute / s = min  Repetitions = reps 
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Week two 
MUSCLES / EXERCISES SETS / REPS 
31 min Session 
Warm-up 
Walking around the pool 2 laps 
Backwards walking 2 lengths 
Sideways walking 2 lengths each direction 
Marching around the pool with high knees 2 laps 
Straight leg swinging march 2 laps 
Side to side stepping I min 
Exercises 
Hip flexion 1 set / 15 reps 
Hip extension 1 set / 15 reps 
PN foot push-downs 1 set / 15 reps each side 
Hip abduction and adduction 1 set / 15 reps 
Squats 1 set / 20 reps 
Chest press with PN 1 set / 20 reps 
PN hand push-downs 1 set / 20 reps 
Back mobility with PN 1 set / 20 reps 
Abdominal crunches with PN 1 set / 20 reps 
Figure eight with hip flexion 1 set / 10 reps each side 
Draw a rainbow with hip flexors 1 set / 10 reps each side 
Hip abduction pumps 1 set / 10 reps each side 
Cool-down 
Walking around the pool 2 laps 
Quad stretch 1 set / 25 sec each side 
Hamstring stretch 1 set / 25 sec each side 
Adductor stretch 1 set / 25 sec each side 
Calf stretch 1 set / 25 sec each side 
Arm across chest stretch 1 set / 25 sec each side 
Hand behind head stretch 1 set / 25 sec each side 
Between each exercise, the participants walked on the spot to keep their heart rates up. 
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Week three 
MUSCLES / EXERCISES SETS / REPS 
35 min Session 
Warm-up 
Walking around the pool 2 laps 
Backwards walking 1 lengths 
Sideways walking 1 lengths each direction 
Marching around the pool with high knees 2 laps 
Straight leg swinging march 2 laps 
Side stepping I min 
Exercises 
Hip flexion 2 set / 15 reps 
Hip extension 2 set / 15 reps 
PN foot push-downs 2 set / 15 reps each side 
Hip abduction and adduction 2 set / 15 reps 
Squats 2 set / 20 reps 
Chest press with PN 2 set / 20 reps 
PN hand push-downs 2 set / 20 reps 
Back mobility with PN 2 set / 20 reps 
Abdominal crunches with PN 2 set / 20 reps 
Figure eight with hip flexion 1 set / 10 reps each side 
Draw a rainbow with hip flexors 1 set / 10 reps each side 
Hip abduction pumps 1 set / 10 reps each side 
Cool-down 
Walking around the pool 2 laps 
Quad stretch 1 set / 25 sec each side 
Hamstring stretch 1 set / 25 sec each side 
Adductor stretch 1 set / 25 sec each side 
Calf stretch 1 set / 25 sec each side 
Arm across chest stretch 1 set / 25 sec each side 
Hand behind head stretch 1 set / 25 sec each side 
Between exercises, the participants walked on the spot or stepped side to side in order to 
keep their heart rates up. 
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Week four 
MUSCLES / EXERCISES SETS / REPS 
35 min Session 
Warm-up 
Walking around the pool 2 laps 
Backwards walking 2 lengths 
Sideways walking 2 lengths each direction 
Marching around the pool with high knees 2 laps 
Straight leg swinging march 2 laps 
Side stepping I min 
Exercises 
Hip flexion 2 set / 15 reps 
Hip extension 2 set / 15 reps 
PN foot push-downs 2 set / 15 reps each side 
Hip abduction with leg movements 2 set / 10 reps  
Squat side to side with PN high 2 set / 10 reps 
Chest press with PN 2 set / 20 reps 
PN hand push-downs 2 set / 20 reps 
Back mobility with PN 2 set / 20 reps 
Abdominal crunches with PN 2 set / 20 reps 
Figure eight with hip flexion 1 set / 15 reps each side 
Draw a rainbow with hip flexors 1 set / 15 reps each side 
Hip abduction pumps 1 set / 15 reps each side 
Cool-down 
Walking around the pool 3 laps 
Quad stretch 1 set / 25 sec each side 
Hamstring stretch 1 set / 25 sec each side 
Adductor stretch 1 set / 25 sec each side 
Calf stretch 1 set / 25 sec each side 
Arm across chest stretch 1 set / 25 sec each side 
Hand behind head stretch 1 set / 25 sec each side 
Between exercises, the participants walked on the spot or stepped side to side in order to 
keep their heart rates up. 
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Week Five 
MUSCLES / EXERCISES SETS / REPS 
38 min Session 
Warm-up 
Walking around the pool 2 laps 
Backwards walking 2 lengths 
Sideways walking 2 lengths each direction 
Marching around the pool with high knees 2 laps 
Straight leg swinging march 2 laps 
Side stepping I min 
Exercises 
Hip flexion 2 set / 15 reps 
Hip extension 2 set / 15 reps 
PN foot push-downs 2 set / 15 reps each side 
Hip abduction with leg movements 2 set / 10 reps  
Hip abduction forward movements 2 set / 10 reps 
Squat side to side with PN high 2 set / 10 reps 
Squat side to side with PN front raise 2 set / 10 reps 
Chest press with PN 2 set / 20 reps 
PN hand push-downs 2 set / 20 reps 
Back mobility with PN 2 set / 20 reps 
Abdominal crunches with PN 2 set / 20 reps 
Figure eight with hip flexion 1 set / 15 reps each side 
Draw a rainbow with hip flexors 1 set / 15 reps each side 
Hip abduction pumps 1 set / 15 reps each side 
Cool-down 
Walking around the pool 3 laps 
Quad stretch 1 set / 25 sec each side 
Hamstring stretch 1 set / 25 sec each side 
Adductor stretch 1 set / 25 sec each side 
Calf stretch 1 set / 25 sec each side 
Arm across chest stretch 1 set / 25 sec each side 
Hand behind head stretch 1 set / 25 sec each side 
Between exercises, the participants marched on the spot with high knee actions or backward 
and forward stepping actions to keep their heart rates up. 
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Week Six 
MUSCLES / EXERCISES SETS / REPS 
40 min Session 
Warm-up 
Walking around the pool 2 laps 
Backwards walking 2 lengths 
Sideways walking 2 lengths each direction 
Marching around the pool with high knees 2 laps 
Straight leg swinging march 2 laps 
Side stepping I min 
Exercises 
Hip flexion 2 set / 15 reps 
Hip extension 2 set / 15 reps 
PN foot push-downs 2 set / 15 reps each side 
Hip abduction with leg movements 2 set / 12 reps  
Hip abduction forward movements 2 set / 12 reps 
Squat side to side with PN high 2 set / 12 reps 
Squat side to side with PN front raise 2 set / 12 reps 
Chest press with PN 2 set / 20 reps 
PN hand push-downs 2 set / 20 reps 
Biceps and triceps with PN 2 set / 20 reps 
Back mobility with PN 2 set / 20 reps 
Abdominal crunches with PN 2 set / 20 reps 
Figure eight with hip flexion 2 set / 15 reps each side 
Draw a rainbow with hip flexors 2 set / 15 reps each side 
Hip abduction pumps 2 set / 15 reps each side 
Cool-down 
Walking around the pool 3 laps 
Quad stretch 1 set / 25 sec each side 
Hamstring stretch 1 set / 25 sec each side 
Adductor stretch 1 set / 25 sec each side 
Calf stretch 1 set / 25 sec each side 
Arm across chest stretch 1 set / 25 sec each side 
Hand behind head stretch 1 set / 25 sec each side 
Between exercises, the participants walked on the spot with high knee actions or backward 
and forward stepping actions to keep their heart rates up. 
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Week Seven 
MUSCLES / EXERCISES SETS / REPS 
41 min Session 
Warm-up 
Walking around the pool 2 laps 
Backwards walking 2 lengths 
Sideways walking 2 lengths each direction 
Marching around the pool with high knees 2 laps 
Straight leg swinging march 2 laps 
Side stepping I min 
Exercises 
Hip flexion 2 set / 15 reps 
Hip extension 2 set / 15 reps 
PN foot push-downs 2 set / 15 reps each side 
Hip abduction with leg movements 2 set / 15 reps  
Hip abduction forward movements 2 set / 15 reps 
Squat side to side with PN high 2 set / 15 reps 
Squat side to side with PN front raise 2 set / 15 reps 
Chest press with PN 2 set / 20 reps 
PN hand push-downs 2 set / 20 reps 
Biceps and triceps with PN 2 set / 20 reps 
Back mobility with PN 2 set / 20 reps 
Abdominal crunches with PN 2 set / 20 reps 
Figure eight with hip flexion 2 set / 15 reps each side 
Draw a rainbow with hip flexors 2 set / 15 reps each side 
Hip abduction pumps 2 set / 15 reps each side 
Cool-down 
Walking around the pool 3 laps 
Quad stretch 1 set / 25 sec each side 
Hamstring stretch 1 set / 25 sec each side 
Adductor stretch 1 set / 25 sec each side 
Calf stretch 1 set / 25 sec each side 
Arm across chest stretch 1 set / 25 sec each side 
Hand behind head stretch 1 set / 25 sec each side 
Between exercises, the participants walked on the spot or performed star jumps to keep their 
heart rates up. 
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Week Eight 
MUSCLES / EXERCISES SETS / REPS 
43 min Session 
Warm-up 
Walking around the pool 2 laps 
Backwards walking 2 lengths 
Sideways walking 2 lengths each direction 
Marching around the pool with high knees 2 laps 
Straight leg swinging march 2 laps 
Side stepping I min 
Exercises 
Hip flexion 2 set / 15 reps 
Hip extension 2 set / 15 reps 
PN foot push-downs 2 set / 15 reps each side 
Hip abduction with leg movements 2 set / 15 reps  
Hip abduction forward movements 2 set / 15 reps 
Squat side to side with PN high 2 set / 15 reps 
Squat side to side with PN front raise 2 set / 15 reps 
Squat side to side with forward arm circles 2 set / 15 reps 
Squat side to side with backward arm circles 2 set / 12 reps 
Chest press with PN 2 set / 20 reps 
PN hand push-downs 2 set / 20 reps 
Biceps and triceps with PN 2 set / 20 reps 
Back mobility with PN 2 set / 20 reps 
Abdominal crunches with PN 2 set / 20 reps 
Figure eight with hip flexion 2 set / 15 reps each side 
Draw a rainbow with hip flexors 2 set / 15 reps each side 
Hip abduction pumps 2 set / 15 reps each side 
Cool-down 
Kicking board exercises  3 lengths 
Quad stretch 1 set / 25 sec each side 
Hamstring stretch 1 set / 25 sec each side 
Adductor stretch 1 set / 25 sec each side 
Calf stretch 1 set / 25 sec each side 
Arm across chest stretch 1 set / 25 sec each side 
Hand behind head stretch 1 set / 25 sec each side 
Between exercises, the participants walked on the spot or performed star jumps to keep their 
heart rates up. 
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Week Nine 
MUSCLES / EXERCISES SETS / REPS 
43 min Session 
Warm-up 
Walking around the pool 2 laps 
Backwards walking 2 lengths 
Sideways walking 2 lengths each direction 
Marching around the pool with high knees 2 laps 
Straight leg swinging march 2 laps 
Side stepping I min 
Exercises 
Hip flexion 2 set / 15 reps 
Hip extension 2 set / 15 reps 
PN foot push-downs 2 set / 15 reps each side 
Hip abduction with leg movements 2 set / 15 reps  
Hip abduction forward movements 2 set / 15 reps 
Hip abduction backward movements 2 set / 15 reps 
Squat side to side with PN high 2 set / 15 reps 
Squat side to side with PN front raise 2 set / 15 reps 
Squat side to side with forward arm circles 2 set / 15 reps 
Squat side to side with backward arm circles 2 set / 15 reps 
Chest press with PN 2 set / 20 reps 
PN hand push-downs 2 set / 20 reps 
Biceps and triceps with PN 2 set / 20 reps 
Back mobility with PN 2 set / 20 reps 
Abdominal crunches with PN 2 set / 20 reps 
Figure eight with hip flexion 2 set / 15 reps each side 
Draw a rainbow with hip flexors 2 set / 15 reps each side 
Cool-down 
Kicking board exercises  3 lengths 
Quad stretch 1 set / 25 sec each side 
Hamstring stretch 1 set / 25 sec each side 
Adductor stretch 1 set / 25 sec each side 
Calf stretch 1 set / 25 sec each side 
Arm across chest stretch 1 set / 25 sec each side 
Hand behind head stretch 1 set / 25 sec each side 
Between exercises, the participants stepped side to side with a hop between each step to 
keep their heart rates up. 
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Week Ten 
MUSCLES / EXERCISES SETS / REPS 
45 min Session 
Warm-up 
Walking around the pool 2 laps 
Backwards walking 2 lengths 
Sideways walking 2 lengths each direction 
Marching around the pool with high knees 2 laps 
Straight leg swinging march 2 laps 
Side stepping I min 
Exercises 
Hip flexion 2 set / 15 reps 
Hip extension 2 set / 15 reps 
Prone kicking 2 set / 1 min 
Hip abduction with leg movements 2 set / 15 reps  
Hip abduction forward movements 2 set / 15 reps 
Hip abduction backward movements 2 set / 15 reps 
Squat side to side with PN high 2 set / 15 reps 
Squat side to side with PN front raise 2 set / 15 reps 
Squat side to side with forward arm circles 2 set / 15 reps 
Squat side to side with backward arm circles 2 set / 15 reps 
Chest press with PN 2 set / 20 reps 
PN hand push-downs 2 set / 20 reps 
Biceps and triceps with PN 2 set / 20 reps 
Back mobility with PN 2 set / 20 reps 
Abdominal crunches with PN 2 set / 20 reps 
Figure eight with hip flexion 2 set / 15 reps each side 
Draw a rainbow with hip flexors 2 set / 15 reps each side 
Cool-down 
Kicking board exercises  3 lengths 
Quad stretch 1 set / 25 sec each side 
Hamstring stretch 1 set / 25 sec each side 
Adductor stretch 1 set / 25 sec each side 
Calf stretch 1 set / 25 sec each side 
Arm across chest stretch 1 set / 25 sec each side 
Hand behind head stretch 1 set / 25 sec each side 
Between exercises, the participants stepped side to side with a hop between each step to 
keep their heart rates up. 
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Week Eleven 
MUSCLES / EXERCISES SETS / REPS 
45 min Session 
Warm-up 
Walking around the pool 2 laps 
Backwards walking 2 lengths 
Sideways walking 2 lengths each direction 
Marching around the pool with high knees 2 laps 
Straight leg swinging march 2 laps 
Side stepping I min 
Exercises 
Hip flexion 2 set / 15 reps 
Hip extension 2 set / 15 reps 
Prone kicking 2 set / 1 min 
Prone frog kicking 1 set / 1 min 
Prone scissors  1 set / 1 min 
Hip abduction with leg movements 2 set / 15 reps  
Hip abduction forward movements 2 set / 15 reps 
Squat side to side with PN high 2 set / 15 reps 
Squat side to side with PN front raise 2 set / 15 reps 
Squat side to side with forward arm circles 2 set / 15 reps 
Chest press with PN 2 set / 20 reps 
PN hand push-downs 2 set / 20 reps 
Biceps and triceps with PN 2 set / 20 reps 
Back mobility with PN 2 set / 20 reps 
Abdominal crunches with PN 2 set / 20 reps 
Figure eight with hip flexion 2 set / 15 reps each side 
Draw a rainbow with hip flexors 2 set / 15 reps each side 
Cool-down 
Kicking board exercises  3 lengths 
Quad stretch 1 set / 25 sec each side 
Hamstring stretch 1 set / 25 sec each side 
Adductor stretch 1 set / 25 sec each side 
Calf stretch 1 set / 25 sec each side 
Arm across chest stretch 1 set / 25 sec each side 
Hand behind head stretch 1 set / 25 sec each side 
Between exercises, the participants walked on the spot, performed star jumps or punched 
under water to keep their heart rates up. 
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Week Twelve 
MUSCLES / EXERCISES SETS / REPS 
45 min Session 
Warm-up 
Walking around the pool 2 laps 
Backwards walking 2 lengths 
Sideways walking 2 lengths each direction 
Marching around the pool with high knees 2 laps 
Straight leg swinging march 2 laps 
Side stepping I min 
Exercises 
Hip flexion 2 set / 15 reps 
Hip extension 2 set / 15 reps 
Prone kicking 2 set / 1 min 
Prone frog kicking 1 set / 1 min 
Prone scissors  1 set / 1 min 
Hip abduction with leg movements 2 set / 15 reps  
Hip abduction forward movements 2 set / 15 reps 
Squat side to side with PN high 2 set / 15 reps 
Squat side to side with PN front raise 2 set / 15 reps 
Squat side to side with forward arm circles 2 set / 15 reps 
Chest press with PN 2 set / 20 reps 
PN hand push-downs 2 set / 20 reps 
Biceps and triceps with PN 2 set / 20 reps 
Back mobility with PN 2 set / 20 reps 
Abdominal crunches with PN 2 set / 20 reps 
Figure eight with hip flexion 2 set / 15 reps each side 
Draw a rainbow with hip flexors 2 set / 15 reps each side 
Cool-down 
Kicking board exercises  3 lengths 
Quad stretch 1 set / 25 sec each side 
Hamstring stretch 1 set / 25 sec each side 
Adductor stretch 1 set / 25 sec each side 
Calf stretch 1 set / 25 sec each side 
Arm across chest stretch 1 set / 25 sec each side 
Hand behind head stretch 1 set / 25 sec each side 
Between exercises, the participants walked on the spot, performed star jumps or punched 
under water to keep their heart rates up. 
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